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Art. [X.—Forest Geography and Archeology: a Lecture delivered 
before the Harvard University Natural History Society, April 
18, 1878; by Asa Gray. 


.... Iv is the forests of the Northern temperate zone which 
we are to traverse. After taking some note of them in their 
resent condition and relations, we may enquire into their ped- 
igree; and, from a consideration of what and where the com- 
ponent trees have been in days of old, derive some probable 
explanation of peculiarities which otherwise seem inexplicable 
and strange. 

In speaking of our forests in their present condition, I mean 
not exactly as they are to-day, but as they were before civil- 
ized man had materially interfered with them. In the dis- 
trict we inhabit such interference is so recent that we have lit- 
tle difficulty in conceiving the conditions which here prevailed, 
a few generations ago, when the “ forest primeval”—described 
in the first lines of a familiar poem—covered essentially the 
whole country, from the Gulf of St. Lawrence and Canada to 
Florida and Texas, from the Atlantic to beyond the Missis- 
sippi. This, our Atlantic forest, is one of the largest and 
almost the richest of the temperate forests of the world. That 
is, it comprises a greater diversity of species than any other, 
except one. 

In crossing the country from the Atlantic westward, we 
leave this forest behind us when we pass the western borders 
of those organized States which lie along the right bank of the 
Mississippi. We exchange it for prairies and open plains, 
wooded only along the water-courses,—plains which grow more 
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and more bare and less green as we proceed westward, with 
only some scattering cottonwoods (i.e. poplars) on the imme- 
diate banks of the traversing rivers, which are themselves far 
between. 

In the Rocky Mountains we come again to forest, but onl 
in narrow lines or patches; and if you travel by the Pacific 
Railroad you hardly come to any; the eastern and the interior- 
desert plains meet along the comparatively low level of the 
divide which here is so opportune for the railway; but both 
north and south of this line the mountains themselves are 
fairly wooded. Beyond, through all the wide interior basin, 
and also north and south of it, the numerous mountain chains 
seem to be as bare as the alkaline plains they traverse, mostly 
north and south; and the plains bear nothing taller than sage- 
brush. But those who reach and climb these mountains find 
that their ravines and higher recesses nourish no small amount 
of timber, though the trees themselves are mostly small and 
always low. 

hen the western rim of this great basin is reached there is 
an abrupt change of scene. This rim is formed of the Sierra 
Nevada. Even its eastern slopes are forest-clad in great meas- 
ure; while the western bear in some respects the noblest and 
most remarkable forest of the world ;—remarkable even for the 
number of species of evergreen trees occupying a comparatively 
narrow area, but especially for their wonderful development in 
size and altitude. Whatever may be claimed for individual 
Eucalyptus-trees in certain sheltered ravines of the southern 
part of Australia, it is probable that there is no forest to be 
compared for grandeur with that which stretches, essentially 
unbroken,—though often narrowed, and nowhere very wide,— 
from the southern part of the Sierra Nevada in lat. 86° to 
Puget Sound beyond lat. 49°, and not a little farther. 

Descending into the long valley of California, the forest 
changes, dwirdles, and mainly disappears. In the Pacific 
Coast Ranges, it resumes its sway, with altered features, some 
of them not less magnificent and of greater beauty. The Red- 
woods of the coast, for instance, are little less gigantic than the 
Big-trees of the Sierra Nevada, and far handsomer, and a thou- 
sand times more numerous. And several species which are 
merely or mainly shrubs in the drier Sierra, become lordl 
trees in the moister air of the northerly coast ranges. Throug 
most of California these two Pacific forests are separate ; in 
the northern part of that State they join, and form one rich 
woodland belt, skirting the Pacific, backed by the Cascade 
Mountains, and extending through British Columbia into our 
Alaskan territory. 

So we have two forest-regions in North America,—an Atlan- 
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tic and a Pacific. They may take these names, for they are 
dependent upon the oceans which they respectively border. 
Also we have an intermediate isolated region or isolated lines 
of forest, flanked on both sides by bare and arid plains,—plains 
which on the eastern side may partly be called prairies,—on the 
western, deserts. 

This mid-region mountain forest is intersected by a trans- 
verse belt of arid and alkaline plateau, or eastward of grass 
plain—a hundred miles wide from north to south,—throug 
which passes the Union Pacific Railroad. This divides the 
Rocky-mountain forest into a southern and a northern portion. 
The southern is completely isolated. The northern, in a cooler 
and less arid region, is larger, broader, more diffused. Trend- 
ing westward, on and beyond the northern boundary of the 
United States, it approaches, and here and there unites with, 
the Pacific forest. Eastward, in Northern British territory, it 
makes a narrow junction with northwestward prolongations of 
the broad Atlantic forest. 

So much for these forests as a whole, their position, their 
limits. Before we glance at their distinguishing features and 
component trees, I should here answer the question, why they 
occupy the positions they do ;—why so curtailed and separated 
at the south, so much more diffused at the north, but still so 
strongly divided into eastern and western. Yet I must not 
consume time with the rudiments of physical geography and 
meteorology. It goes without saying that trees are nourished 
by moisture. They starve with dryness and they starve with 
cold. A tree is a sensitive thing. With its great spread of 
foliage, its vast amount of surface which it cannot diminish or 
change, except by losing that whereby it lives, it is completely 
aud helplessly exposed to every atmospheric change; or at 
least its resources for adaptation are very limited; and it can- 
not flee for shelter. But trees are social, and their gregarious 
habits give a certain mutual support. A tree by itself is 
doomed, where a forest, once established, is comparatively 
secure. 

Trees vary as widely as do other plants in their constitu- 
tion; but none can withstand a certain amount of cold and 
other exposure, nor make head against a certain shortness of 
summer. Our high northern regions are therefore treeless; 
and so are the summits of high mountains in lower latitudes. 
As we ascend them we walk at first under spruces and fir-trees 
or birches; at 6,000 feet on the White Mountains of New 
Hampshire, at 11 or 12,000 feet on the Colorado Rocky Mount- 
ains, we walk through or upon them; sometimes upon dwarfed 
and depressed individuals of the same species that made the 
canopy below. These depressed trees retain their hold on life 
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only in virtue of being covered all winter by snow. At still 
higher altitude the species are wholly different; and for the 
most part these humble alpine plants of our temperate zone— 
which we cannot call trees, because they are only a foot or two 
or a span or two high—are the same as those of the arctic 
zone, of northern Labrador, and of Greenland. The arctic and 
the alpine regions are equally unwooded from cold. 

As the opposite extreme, under opposite conditions, look to 
equatorial America, on the Atlantic side, for the widest and 
most luxuriant forest-tract in the world, where winter is 
unknown, and a shower of rain falls almost every afternoon. 
The size of the Amazon and Orinoco—brimming throughout 
the year—testifies to the abundance of rain and its equable 
distribution. 

The other side of the Andes, mostly farther south, shows the 
absolute contrast, in the want of rain, and absence of forest; 
happily it is a narrow tract. The same is true of great tracts 
either side of the equatorial regions, the only district where 
great deserts reach the ocean. 

It is also true of great continental interiors out of the equa- 
torial belt, except where cloud-compelling mountain-chains 
coerce a certain deposition of moisture from air which could 
give none to the heated plains below. So the broad interior 
of our country is forestless from dryness in our latitude, as the 
high northern zone is forestless from cold. 

egions with distributed rain are naturally forest-clad. 
Regions with scanty rain, and at one season, are forestless or 
sparsely wooded, except they have some favoring compensa- 
tions. Rainless regions are desert. 

The Atlantic United States in the zone of variable weather 
and distributed rains, and the Gulf of Mexico as a caldron for 
brewing rain, and no continental expanse between that great 
caldron and the Pacific, crossed by a prevalent southwest wind 
in summer, is greatly favored for summer as well as winter rain. 

And so this forest region of ours, with annual rain-fall of 
fifty inches on the Lower Mississippi, fifty-two inches in all the 
country east of it bordering the Gulf of Mexico, forty-five to 
forty-one in all the proper Atlantic district from East Florida 
to Maine, and the whole region drained by the Ohio,—dimin- 
ished only to thirty-four inches on the whole Upper Mississippi 
and Great Lake region,—with this amount of rain, fairly dis- 
tributed over the year, and the greater part not in the winter, 
our forest is well accounted for. 

The narrow district occupied by the Pacific forest has a 
much more unequal rainfall, more unequal in its different parts, 
most unequal in the different seasons of the year, very different 
in the same place in different years. 
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From the Gulf of Mexico to the Gulf of St. Lawrence, the 
amount of rain decreases moderately and rather regularly from 
south to north; but, as less is needed in a cold climate, there 
is enough to nourish forest throughout. On the Pacific coast, 
from the Gulf of California to Puget Sound, the southerly 
third has almost no rain at all; the middle portion less than 
our Atlantic least; the northern third has about our Atlantic 
average. 

Then, New England has about the same amount of rain-fall 
in winter and in summer; Florida and Alabama about one-half 
more in the three summer than in the three winter months,—a 
fairly equable distribution. But on the Pacific coast there is 
no summer rain at all, except in the northern portion, and 
there little. And the winter rain, of forty-four inches on the 
northern border, diminishes to less than one-half before reaching 
the Bay of San Francisco; dwindles to twelve, ten, and eight 
inches on the southern coast, and to four inches before we 
reach the United States boundary below San Diego. 

Taking the whole year together, and confining ourselves to 
the coast, the average rain-fall for the year, from Puget Sound 
to the border of California, is from eighty inches at the north to 
seventy at the south, i.e., seventy on the northern edge of Cali- 
fornia; thence it diminishes rapidly to thirty-six, twenty (about 
San Francisco), twelve, and at San Diego to eight inches. 

The two rainiest regions of the United States are the Pacific 
coast north of latitude forty-five, and the northeastern coast 
and borders of the Gulf of Mexico. But when one is rainy 
the other is comparatively rainless. For while this Pacific 
rainy region has only from twelve to two inches of its rain in 
the summer months, Florida, out of its forty to sixty, has 
twenty to twenty-six in summer, and only six to ten of it in 
the winter months. 

Again, the diminution of rain-fall as we proceed inland from 
the Atlantic and Gulf shores, is gradual; the expanse that is 
or was forest-clad is very broad, and we wonder only that it 
did not extend farther west than it does. 

On the other side of the continent, at the north, the district 
so favored with winter rain is but a narrow strip, between 
the ocean and the Cascade Mountains. Last of the latter, the 
amount abruptly declines,—for the year from eighty inches to 
sixteen; for the winter months, from forty-four and forty to 
eight and four inches; for the summer months, from twelve and 
four to two and one. 

So we can understand why the Cascade Mountains abruptly 
separate dense and tall forest on the west from treelessness on 
the east. We may conjecture, also, why this North Pacific 
forest is so magnificent in its devolopment. 
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Equally, in the rapid decrease of rain-fall southward, in its 
corresponding restriction to one season, in the continuation of 
the Cascade Mountains as the Sierra Nevada, cutting off access 
of rain to the interior, in the unbroken stretch of coast ranges 
near the sea, and the consequent small and precarious rain-fall 
in the great interior valley of California, we see reasons why 
the Californian forest is mainly attenuated southward into 
two lines,—into two files of a narrow but lordly procession, 
advancing southward along the coast ranges, and along the 
western flank of the Sierra Nevada, leaving the long valley 
between comparatively bare of trees. 

By the limited and precarious rain-fall of California, we may 
account for the limitations of its forest. But how shall we 
account for the fact that this district of comparatively little 
rain produces the largest trees in the world? Not only pro- 
duces, alone of all the world, those two peculiar big trees which 
excite our special wonder,—their extraordinary growth might 
be some idiosyncracy of a race,—but also produces pines and 
fir-trees, whose brethren we know, and whose capabilities we 
can estimate, upon a scale only less gigantic. Evidently there 
is something here wonderfully favorable to the development of 
trees, especially of coniferous trees; and it is not easy to deter- 
mine what it can be. 

Nor, indeed, does the rain-fall of the coast of Oregon, great 
as it is, fully account for the extraordinary development of its 
forest ; for the rain is nearly all in the ‘winter, very little in 
summer. Yet here is more timber to the acre than in any 
other part of North America, or perhaps in any other part of 
the world. The trees are never so enormous in girth as some 
of the Californian, but are of equal height—at least on the 
average—three hundred feet being common, and they stand 
almost within arms’ length of each other. 

The explanation of all this may mainly be found in the great 
climatic differences between the Pacific and the Atlantic sides of 
the continent; and the explanation of these differences is found 
in the difference in the winds and the great ocean currents. 

The winds are from the ocean to the land all the year round, 
from northwesterly in summer, southwesterly in winter. And 
the great Pacific Gulf-stream sweeps toward and along the 
coast, instead of bearing away from it, as on our Atlantic side. 

The winters are mild and short, and are to a great extent a 
season of growth, instead of suspension of growth as with us. 
So there is a far longer season available to tree-vegetation than 
with us, during all of which trees may either grow or accumu- 
late the materials for growth. On our side of the continent 
and in this latitude, trees use the whole autumn in getting 
ready for a six-months winter, which is completely lost time. 
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Finally, as concerns the west coast, the lack of summer rain is 
made up by the moisture-laden ocean winds, which regularly 
every summer afternoon wrap the coast-ranges of mountains, 
which these forests affect, with mist and fog. The Redwood, 
one of the two California big trees,—the handsomest and far 
the most abundant and useful,—is restricted to these coast- 
ranges, bathed with soft showers fresh from the ocean all win- 
ter, and with fogs and moist ocean air all summer. It is 
nowhere found beyond the reach of these fogs. South of 
Monterey, where this summer condensation lessens, and winter 
rains become precarious, the Redwoods disappear, and the gen- 
eral forest becomes restricted to favorable stations on mountain 
sides and summits...... The whole coast is bordered by a 
line of mountains, which condense the moisture of the sea-breezes 
upon their cool slopes and summits. These winds, continuing 
eastward, descend dry into the valleys, and warming as they 
descend, take up moisture instead of dropping any. These 
valleys, when broad, are sparsely wooded or woodless, except 
at the north, where summer-rain is not very rare. 

Beyond stretches the Sierra Nevada, all rainless in summer, 
except local hail-storms and snow-falls on its higher crests and 
peaks. Yet its flanks are forest-clad; and, between the levels of 
3,000 and 9,000 feet, they bear an ample growth of the largest 
coniferous trees known. In favored spots of this forest—and only 
there—are found those groves of the giant Sequoia, near kin 
of the Redwood of the coast-ranges, whose trunks are from 
fifty to ninety feet in circumference, and height from two 
hundred to three hundred and twenty-five feet. And in reach- 
ing these wondrous trees you ride through miles of sugar-pines, 

ellow pines, spruces and firs, of such magnificence in eitth and 
height, that the big trees, when reached—astonishing as they 
are—seem not out of keeping with their surroundings. 

I cannot pretend to account for the extreme magnificence of 
this sierra-forest. Its rain-fall is in winter, and of unknown 
but large amount. Doubtless mest of it is in snow, of which 
fifty or sixty feet falls in some winters; and—different from 
the coast and in Oregon, where it falls as rain, and at a tem- 
perature which does not suspend vegetable action,—here the 
winter must be complete cessation. But with such great snow- 
= the supply of moisture to the soil should be abundant and 
asting. 

Then the Sierra—much loftier than the coast ranges—rising 
from 7,000 or 8,000 to 11,000 and 14,000 feet—is refreshed in 
summer by the winds from the Pacific, from which it takes the 
last drops of available moisture; and mountains of such alti- 
tude, to which moisture from whatever source or direction 
must necessarily be attracted, are always expected to support 


92 A. Gray—Forest Geography and Archeology. 


forests,—at least when not cut off from sea-winds by interposed 
chains of equal altitude. Trees such mountains will have. The 
only and the real wonder is, that the Sierra Nevada should rear 
such immense trees ! 

Moreover, we shall see, that this forest is rich and superb 
only in one line; that, beyond one favorite tribe, it is meagre 
enough. Such for situation, and extent, and surrounding con- 
ditions, are the two forests—the Atlantic and Pacific—which 
are to be compared. 

In order to come to this comparison, I must refrain from all 
account of the intervening forest of the Rocky Mountains,— 
only saying, that it is comparatively poor in the size of its 
trees and the number of species; that few of its species are 
mR and those mostly in the southern part, and of the 

exican plateau type; that they are common to the mountain- 
chains which lie between, stretched north and south en echelon, 
all through that arid or desert region of Utah and Nevada, 
of which the larger part belongs to the great basin between the 
Rocky Mountains and the Sierra Nevada: that most of the 
Rocky Mountain trees are identical in species with those of the 
Pacific forest, except far north, where a few of our eastern ones 
are intermingled. I may add that the Rocky Mountains proper 
get from twelve to twenty inches of rain in the year, mostly in 
winter snow, some in summer showers. 

But the interior mountains get little, and the plains or val- 
leys between them less; the Sierra arresting nearly all the 
moisture coming from the Pacific, the Rocky Mountains all 
coming from the Atlantic side. 

Forests being my subject, I must not tarry on the woodless 
plain—on an average 500 miles wide—which lies between what 
forest there is in the Rocky Mountains and the western border 
of our eastern wooded region. Why this great sloping plain 
should be woodless—except where some cotton-woods and 
their like mark the course of the traversing rivers—is, on the 
whole evident enough. Great interior plains in temperate lati- 
tudes are always woodless, even when not very arid. This of 
ours is not arid to the degree that the corresponding regions 
west of the Rocky Mountains are. The moisture from the 
Pacific which those would otherwise share, is—as we have 
seen—arrested on or near the western border, by the coast- 
ranges and again by the Sierra Nevada; and so the interior 
(except for the mountains), is all but desert. 

On the eastern side of the continent, the moisture supplied 
by the Atlantic and the Gulf of Mexico meets no such obstruc- 
tion. So the diminution of rain-fall is gradual instead of 
abrupt. But this moisture is spread over a vast surface, and it 
is naturally bestowed, first and most on the seaboard district, 
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and least on the remote interior. From the lower Mississippi 
eastward and northward, including the Ohio River basin, and 
so to the coast, and up to Nova Scotia, there is an average 
of forty-seven inches of rain in the year. This diminishes 
rather steadily westward, especially northwestward, and the 
western border of the ultra-Mississippian plain gets less than 
twenty inches. 

Indeed, from the great prevalence of westerly and southerly 
winds, what precipitation of moisture there is on our western 
— is not from Atlantic sources, nor much from the Gulf. 

he rain-chart plainly shows that the water raised from the 
heated Gulf is mainly carried northward and eastward. Itis this 
which has given us the Atlantic forest region ; and it is the limi- 
tation of this which bounds that forest at the west. The line on 
the rain-chart indicating twenty-four inches of annual rain is 
not far from the line of the western limit of trees, except far 
north, beyond the Great Lakes, where, in the coolness of high 
latitudes, as in the coolness of mountains, a less amount of 
rain-fall suffices for forest growth. , 

We see, then, why our great plains grow bare as we proceed 
from. the Mississippi westward ; though we wonder why this 
should take place so soon and so abruptly as it does. But, as 
already stated, the general course of the wind-bearing rains 
from the Gulf and beyond is such as to water well the Missis- 
sippi valley and all eastward, but not the district west of it. 

It does not altogether follow that, because rain or its equiva- 
lent is needed for forest, therefore wherever there is rain 
enough, forest must needs cover the ground. At least there 
are some curious exceptions to such a general rule,—excep- 
tions both ways. In the Sierra Nevada we are confronted with 
a stately forest along with a scanty rain-fall, with rain only in 
the three winter months. All summer long, under those lofty 
trees, if you stir up the soil you may be choked with dust. 
On the other hand, the prairies of Iowa and Illinois, which 
form deep bays or great islands in our own forest-region, are 
spread under skies which drop more rain than probably ever 
falls on the slopes of the Sierra Nevada, and give it at all sea- 
sons. Under the lesser and brief rains we have the loftiest 
trees we know: under the more copious and well-dispersed rain, 
we have prairies, without forest at all. 

There is little more to say about the first part of this para- 
dox ; and I have not much to say about the other. The cause 
or origin of our prairies—of the unwooded districts this side 
of the Mississippi and Missouri—has been much discussed, and 
a whole hour would be needed to give a fair account of the 
different views taken upon this knotty question. The only 
settled thing about it, is, that the prairies are not directly 


94 A. Gray—Forest Geography and Archeology. 


owing to a deficiency of rain. That, the rain-charts settle, as 
Professor Whitney well insists. 

The prairies which indent or are enclosed in our Atlantic 
forest-region, and the plains beyond this region, are different 
things. But, as the one borders—and in Iowa and Nebraska 
— into—the other, it may be _— that common causes 

ave influenced both together, perhaps more than Professor 
Whitney allows. 

He thinks that the extreme fineness and depth of the usual 
prairie soil will account for the absence of trees; and Mr. Les- 

uereux equally explains it by the nature of the soil, in a dif- 
erent way. These, and other excellent observers, scout the 
idea that immemorial burnings, in autumn and spring, have 
had any effect. Professor Shaler, from his observations in the 
border land of Kentucky, thinks that they have,—that tliere 
are indications there of comparatively recent conversion of 
oak-openings into prairie, and now—since the burnings are 
over—of the reconversion of prairie into woodland. 

I am disposed, on general considerations, to think that the 
line of demarcation between our woods and our plains is not 
where it was drawn by nature. Here, when no physical bar- 
rier is interposed between the ground that receives rain enough 
for forest, and that which receives too little, there must be a 
debateable border, where comparatively slight causes will turn 
the scale either way. Difference in soil and difference in expo- 
sure will here tell decisively. And along this border, annual 
burnings—for the purpose of increasing and improving buffalo- 
feed—practiced for hundreds of years by our nomade prede- 
cessors, may have had a very marked effect. I suspect that 
the irregular border line may have in this way been rendered 
more irregular, and have been carried farther eastward wher- 
ever nature of soil or circumstances of exposure predisposed 
to it. 

It does not follow that trees would re-occupy the land when 
the operation that destroyed them, or kept them down, ceased. 
The established turf or other occupation of the soil, and the 
sweeping winds, might prevent that. The difficulty of reforest- 
ing bleak New England coasts, which were originally well 
wooded, is well known. It is equally, but probably not more 
difficult to establish forest on an Iowa prairie, with proper 
selection of trees. 

[To be continued. ] 
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Art. X.—On the Structure and Origin of Mountains, with special 
reference to recent objections to the “Contractional Theory ;” by 
JosEPH LECONTE. 


(Read before the National Academy of Sciences, April 19, 1878.) 


In order to write intelligibly on this subject it is necessary 
first of all to define clearly in what sense we shall use the word 
mountain. In popular and even in scientific language this 
word is used to express every considerable elevation above the 
general level of the earth surface, whatever be its extent or its 
mode of origin. It is applied equally to a complex system of 
ranges formed at different times, such as the Andes, the North 
American Cordilleras, or the Appalachian ; or to each one of 
the components of such a system, as for example the Coast 
Range, the Sierra or the Wahsatch : or to each one of the com- 
ponent parts of these components, or even to separate isolated 
peaks upon these last whether formed by erosion or by vol- 
canic ejections. In this paper I shall call an aggregate of 
ranges formed at different times a mountain system or chain. 
Each monogenetic* component of such a system, such as the Sierra 
I shall call a Range. The components of these again, whether 
formed by erosion or by foldings, or by fissures and slips, I 
shall call Ridges. Isolated peaks, whether of erosion or of 
volcanic ejections, are so obviously distinct in their mode of 
origin, that they need not trouble us in this discussion. 

Now, a theory of mountain-formation is essentially a theory of 
the formation of Ranges. For, on the one hand a mountain- 
system is but an aggregate of ranges more or less parallel to 
each other in the same general region but formed at different 
times, and the addition of range to range in the formation of 
such a polygenetic system, even though there may be a general 
bulging of the whole region, introduces no new element in the 
discussion ; and on the other hand the subsequent formation of 
ridges and peaks by erosion belong not to the category of 
mountain formation at all, but to that of mountain-sculpture. 
Sometimes, it is true, ridges are formed also by faulting, but 
in all cases they are subsequent to the formation of the mountain 
proper—in all cases they belong to the category of mountain 
decay, not to that of mountain-origin. It seems to me that 
much of the refined classifications, and of the minute divisions 
and subdivisions of types of mountains, in which some recent 
writers have indulged is the result of an imperfect recognition 
of the distinctions enforced above. Limited, as above, moun- 
tain ranges are, I believe, always formed by horizontal pressure 


* A well chosen word often helps greatly to clear up a subject. We are in- 
debted for this one to Professor Dana. 
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crushing the strata together and thus producing foldings and 
thickening and consequent elevation. In what I shall say of 
mountain-structure I shall be compelled for the sake of clear- 
ness to assume this. I hope to justify this assumption in what 
I shall subsequently say on mountain-origin. 


I. Mountain-Structure. 


Mountain ranges may be conveniently divided into two gen- 
eral classes which, however, graduate completely into each 
other, viz: those which are composed of a single anticlinal 
fold, and those which are composed of a number of folds 
alternately anticlinal and synclinal, either open, as in the Jura, 
or closely appressed, as in the Appalachian, the Coast Range, 
the Alps, and many others. The one kind is formed where the 
earth crust is more rigid, the other where it yields more readily 
to the horizontal pressure. Both kinds are greatly modified, 
sometimes by metamorphism, sometimes by faulting, sometimes 
by volcanic outbursts, and always by subsequent erosion. 

1. Mountains of a single fold—The simplest conceivable 
mountain range consists of a single anticlinal fold of a series 
of strata. In such cases the deeper strata of the series are 
thickened and swelled upward by the horizontal pressure, 
while the upper strata are raised into a vault with little or no 
thickening, or may even be thinned and broken by tension. 
Nearly always the yielding is greater on one side than on the 
other; so that the vault is unsymmetrical. In such cases a 
great fissure and slip is apt to occur on the steeper side. The 
following figure (fig. 1) is an ideal section of such a mountain 

before erosion had modified 
its form, or rather (since up- 
swelling and erosion goes on 
together pari passu) as it 
would be if restored. Now it 
is evident that in the forma- 
tion of such a vault, fissures 
would almost certainly be 
formed; and if eae the 
vault there should exist a 
mass of fused or semi-fused 
matter (sub-mountain molten 
matter), formed either by the 
invasion of the deeper sediments with their included waters, 
by the interior heat of the earth during the preparatory process 
of sedimentation, or by the heat evolved by crushing in the act 
of formation itself of the mountain, dislocations would be “7 
to occur: and further, both the fissures and the faults would 
be most apt to occur just where the bending of the strata is 
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greatest, viz: on the side of the steeper slope. Such a fault is 
ideally represented in figure 2. 

But very few great mountain ranges belong to this simpler 
type. Perhaps the best illustration which can be found is the 
Uintah Mountains. The figure given above (fig. 1) may be 
taken as an ideal simplified restoration of the outline and 
structure of this mountain. This simple structure, however, is 
complicated in a portion of its extent by a prodigious fault of 
20,000 feet on the north or originally steeper side, just where 
the bend of the strata is greatest, as in the ideal figure (fig. 2). 
Figure 8 is a perspective view taken from Powell, showing in 


Uintah Mountains—Upper part restored, showing fault; lower part showing 
the present condition as produced by erosion (after Powell). 
its upper part the restored form and the amount of slip on the 
north side, and in the lower part the amount of subsequent 
erosion, in this case, 25,000 feet in thickness. 
If the crust in the uprising region be extremely rigid, then the 


vault instead of being forty or fifty miles across, as in the case 
of the Uintah Mountains, may be a hundred or several hundred 
miles across. In such case a great plateau is formed (geanticline 
of Dana). And since an arch of such extent, whether filled or 
unfilled beneath with fused or semi-fused matter, cannot sus- 
tain itself, such elevated plateaus are peculiarly liable to /is- 
sures by breaking down of the arch, ink to slips by gravitative 
adjustment of the broken parts. If such faults be of compara- 
tively recent origin, or occur in a region where erosion is ex- 
ceptionally small, then they will form conspicuous escarpments 
or even conspicuous mountain-rédges in the general direction of 


Kanab plateau. Kaibab plateau. 
East and west section, across plateau region north of Grand Cafion. 


the axis of the uplift. Such is evidently the origin of the 
north and south escarpments of the platean-region described by 
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Powell (fig. 4), and of the north and south monoclinal ranges 
(ridges) in the Basin-region described by Gilbert and Howell 
(fig. 5). These mountains are evidently formed by the break- 
ing down of a great arch (geanticline). Perhaps the arching 
and the breaking down may have gone on together pari passu. 
But in any case, certainly the whole arch must be regarded as a 
monogenetic upheaval and therefore corresponds to what I have 
called a Range, and the so-called north and south ranges are not 
ranges but ridges. 

Again: a simple anticlinal fold such as I have described, 
may be greatly modified by metamorphism. This is especially 
apt to be the case if the strata be very thick and the fold be 
narrow and high; that is, if the compression in a given space 
and therefore the heat of compression be very great. If now, 
such a sharp fold, metamorphosed in its deeper strata along the 
line of greatest compression, be subjected to profound erosion, 
it forms a common type of mountain, viz: one consisting of a 
granite or highly metamorphic axis flanked on either side with 
tilted strata corresponding to each other. The early geologists 
held, and many even now hold, that in such cases the granite 

axis was pushed up through 

the broken and parted stra- 

ta. But it is far more prob- 

able in all cases, and certain 

in many cases, that the weak- 

ened and broken - backed 
anticlinal has been cut away, and the deeper-seated and there- 
fore metamorphic and therefore also harder strata have been 
exposed along the axis, as shown in the ideal section, figure 6. 

2. Mountains of many folds.\—We have thus far spoken only 
of mountains consisting of a single anticlinal fold modified by 
metamorphism, by faults and by subsequent erosion. But 
great mountain ranges most commonly consist of many folds, 

7 alternately anticlinal and syn- 
clinal ; either open as the case 
Cr, of the Jura or more usually 
Section across Coast Range, from San Closely appressed as in the Ap- 
Francisco Bay to Livermore Valley, palachian, the Coast range of 
showing plication by horizontal press- California, and the Alps. The 
ure. 
structure of the Appalachian is 
well known and therefore needs no illustration. The Coast 
range of California, as I have shown (this Journ., ii, 297, 1876) 
consists of at least five anticlines and as many synclines closely 
appressed so that fifteen to eighteen miles of original sea-bottom 
is compressed into six miles. As this range may be regarded 
as the type of this class I introduce here the section used in the 
paper referred to. The structure of the Alps is similar but even 
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morecomplex. Renevier has recently shown* that the Vaudoise 
Alps consist of seven anticlines and synclines closely appressed 
and often even overturned. The /fan-structure so common in 
mountains in which the horizontal mashing has been extreme is 
probably in most cases, the result of an arch strongly pressed 
together at the base, spreading at the top by its weight, and per- 
haps broken by tension, and the whole powerfully eroded, as 
shown in the ideal diagram, fig. 8. This is the view now taken 
by Favre, by Lory, by Heim and Giordano and other Alpine 
geologists.+ A similar structure, however, may result also from 
the erosion of a closely appressed syncline, as shown in fig, 9. 


Ideal section showing how fan- Ideal section showing how fan- 
structure may be produced by structure may be produced by 
erosion of an anticline. erosion of a syncline. 

The kind of mountains just described and of which the 
Coast Range may be taken as the simplest type, is that which 
is always formed when the crust of the earth yields sufficiently 
easily to the horizontally-acting mountain-making force. Of 
course in such cases the whole mass of crumpled strata is 
swelled up into a great anticline composed of many smaller 
alternate anticlines and synclines, like a great wave on which 
ride many smaller waves. Now, since all the grandest moun- 
tain ranges belong to this type, since in these the amount of 
horizontal compression and therefore the vertical up-swelling is 
the greatest, it is evident that in these also we find the greatest 
modifications by contemporaneous metamorphism and by sub- 
sequent erosion. These are also equally, with the other kind, 
subject to fissures and slips; but the slips in this case are not 
usually drops, by gravitative adjustment, ae push-overs by hori- 
zontal pressure. ‘Thus arise two distinct kinds of slips: In the 
one, the more common or normal, the strata drop on the hang- 
ing-wall side of the fissure, in the other or reverse fault, the 
strata on the hanging-wall side is slidden up and over the other 
side by the sheer force of the horizontal pressure. ‘I'he former 
is characteristic of more gentle foldings and is shown in the 
figure already given (fig. 5) from the Plateau region; the latter 
is characteristic of strong foldings, and is well shown in many 
of the faults of the Appalachian chain, especially in that of 


* Archives des Sciences, vol. lix, p. 5, 1877. 
+ Ibid., vol. xlvi, 301; vol. xlix, *9, 
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Southern Virginia, described by Rogers and figured by Lesley. 
It is probable that many early-formed mountain ranges be- 
longing to either type, but spss A to the type we have 
just considered, have been utterly swept away by erosion, leav- 
ing only highly metamorphic and crumpled strata to attest 
their former existence and place. These are in fact extinct 
mountains—their forms are gone; only their buried and fossil- 
ized skeletons remain. 

Again: in all mountain ranges, but especially in those of 
this type, the great swell constituting the range, and often also 
the subordinate wavelets, are unsymmetrical, the slope on one 
side being long and gentle, and on the other short and abrupt. 
The crest is near one side: the wave is, as it were, ready to 
break, or has already broken. This asymmetric form has 
been shown by Suess to exist in the Alps, the Appenines, the 
Carpathians, the Jura, the Caucasus and nearly all conspicuous 
mountains. It is admirably shown ia the Sierra, the Appa- 
lachian, and to a less extent in the Uintah. It may be 
regarded as the typical form of a monogenetic upheaval 
(Range). On the steeper side, on account of the great fractures 
oe occur there, the greatest volcanic outbursts are usually 
found. 

The Sierra Nevada may be taken as a typical example both 
in form and in structure of a monogenetic upheaval, or what I 
have called a Range. As to form: this range rises on its 
western side from the San Joaquin plains, only about a hun- 
dred feet above sea level, by a very gradual slope of fifty to 
seventy miles in length, until it reaches a crest 12,000 to 15,000 
feet in height, and then plunges down by a steep slope which 
reaches the plains of Lake Mono, or Owen’s River valley 5,000 
feet high in six or seven miles. As to structure: it consists of a 
granite axis twenty to twenty-five miles wide, flanked on 
either side by slates and schists dipping at a high angle. Fig. 
10 is a generalized section of the Sierra, from the San Joaquin 
plains, 8. J. P., to Lake Mono, L. M., showing the typical con- 

tour of a mountain range. 

On the long western slope 

the slates | schists outcrop 

« nearly perpendicularly (in 

neraiized sec on across lerra Mountains i in the range) for t irt 

from San Joaquin plains to Lake Mono. oo We mil 4 4 en th J 

occurs a broad interval of granite, twenty to twenty-five miles 

wide, after which the slates reappear, forming the highest sum- 

mits, such as Mounts Lyell and Dana, and the whole eastern 

slope. So simple appears the structure of this mountain, that 

we might imagine that it consists of only one grand fold, eroded 
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along its crest until the granite is exposed, and thus that it falls 
under the first type. But this is probably not so, because forty 
miles of slates and schists outcropping at high angle would 
give an incredible thickness of sediments if we regard them as 
a single unrepeated series. It is probable, therefore, that these 
flanking slates really consist : 
of several closely appressed 
folds, afterward deeply eroded 
so as to simulate a single se- 
ries. Fig. 11 is an ideal dia- 
gram-restoration of a series of 
closely appressed folds such {deal diagram showing probable structure 
as might have formed the of the Sierra Nevada range. 
Sierra Nevada, showing the grand wave composed of enormous 
thickness of sediments, the subordinate wavelets, composed of 
the upper crumpled portions of the series, the lower portions 
being metamorphosed into granites and exposed along the axis 
by erosion. 

Again: the Sierra range is an admirable example of a fold 
tig gradually into a fault. In the northern portion of Lake 

ahoe the slates occupy a broad area on both slopes, though 
largely covered on the eastern slope by volcanic ejections; 
the two slopes are more equal and the height of the crest 
is moderate, only about 9,000 to 10,000 feet. The great wave 
is more normal (fig. 12, a.) In the middle portion, about Lake 
Mono, the eastern slate-area is far narrower, the two slopes 
more unequal and the crest higher, viz: 13,000 feet. The 
great wave is ready to break (fig. 12, b). In the southern portion 
about Lake Owen, the eastern slope is still more abrupt, the 
eastern slates have entirely disappeared, granite alone forming 
the summit and the whole eastern wall, and the crest here 
reaches its highest point, near 15,000 feet. The great wave has 
at last broken with the formation of a prodigious fault (fig. 12, c). 
Remembering that the escarpment is here 10,000 to 11,000 feet, 
and that the whole thickness of the slates has been removed by 
erosion from its summit, and that their eastern continuation lies 
buried beneath the soil of the plains below, we cannot estimate 
this slip as less than 15,000 feet. It is probably much more. 
It is almost certain that it 
was a slight re- adjustment 
of this slip which caused the 
Inyo of March, 
1872. In fig. 12, a, d, ¢, are 
generalized sections repre- 
senting these facts. It is on 
the steep slope side, or else along the crest, that all the great 
voleanic outbursts have occurred. This is exactly what we 

Am. JOUR. Vox. XVI, No. 92.—Aveust, 1878. 
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might expect; for the squeezing out of the sub- mountain 
fused or semi-fused matter would naturally take place there, 
where both the fissuring and the squeezing are greatest. 

In conclusion there are two or three suggestions which seem 
appropriate here. 

a. In the Basin and Plateau regions there occur many paral- 
lel north and south faults. In the Plateau region these form 
escarpments separating Jevel, or nearly level tables. In the 
Basin region they form decided north and south ridges. Now 
it is a remarkable fact that in the southern part of these two 
regions just where the Plateau is highest, all the western 
faults of the Plateau region and all the faults of the Basin 
region drop on their west side, so that the escarpments look 
westward. But the Sierra escarpment, as we have already 
seen, looks eastward. Now just between these two, i. e., between 
the Sierra escarpment on the one side and the Plateau and 
Basin escarpments on the other and overlooked by both, lies 
the great depressed area, occupied by the alkaline lakes, 
Mono and Owen. It is probable that this great depression is 
correlated with the elevations on each side—that the up-push- 
ing and over-pushing of the Sierra on one side and the eleva- 
tion of the great Plateau with the formation of the Basin 
‘ridges on the other, was attended with a depression of the 
alkaline-lake region between, causing the escarpments on either 


side to look that way. It is noteworthy also that just where 
the up-folding of the Sierra on the one side and the up-lifting 
of the Plateau on the other is greatest, there also the down-fold- 
ing of the intervening basin is also greatest. The wonderful 
Owen’s River beg with the Sierra near 15,000 feet on one 


side and the Inyo Mountains 10,000 to 14,000 feet high on the 
other, with only thirty miles from crest to crest, is this down- 
folded trough. Only forty miles from Mount Whitney, the 
highest point on the Sierra and in the United States except 
Mount St. Elias in Alaska, occurs Death-valley, which is seve- 
ral hundred feet below sea-level. 

b. According to M. Suess’s view (if I understand him aright), 
the typical form of mountain ranges described above, is the 
result of the fact that the yielding crust which by compression 
and upswelling forms the Range, is abutted against an unyield- 
ing mass of previously stiffened crust. Thus according to him 
the Alps was pushed over against the resistant crust of the 
Black Forest and Central France, and, therefore, its steep slope 
is toward the north. The Appalachian was pushed over 
toward the already-stiffened Silurian and Laurentian land- 
crust on the north and northwest. This is a necessary corol- 
lary to my view that mountain ranges are the up-pushed sedi- 
ments of marginal sea-bottoms. For observe: marginal sea- 
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bottom sediments are thickest near shore, and thin out very 
gradually seaward. Such sediments, therefore, even before 
a form a lenticular mass with the thickest part near the 
shore-edge and are therefore asymmetric. Now this already 
thickest part is precisely the line of greatest yielding and there- 
fore of greatest upswelling, and thus the mountain-wave 
becomes very asymmetric with its steeper slope landward. 
Finally, the already asymmetric mountain is pushed over 
against the stiffened land crust, making a still steeper slope 
which may even break on that side. 

Now the Sierra is again an admirable illustration of this law. 
The oldest portion of the western half of the American con- 
tinent is probably the Basin region, especially its southern por- 
tion running down into Mexico. During much of the Paleozoic 
and all iy | stan times until the end of the Jurassic, this 
was a continental mass with its western shore near the eastern 
margin of the Sierra region. The Sierra region, as I have else- 
where shown,* was then a marginal sea-bottom receiving sedi- 
ments from the Basin-region continent, until an enormous 
thickness had accumulated. When these thick sediments 
began to yield from the aqueo-igneous softening of their floor, 
they would first swell up asymmetrically, and then be pushed 
over against the stiffened Basin region land-crust, forming a 
steep slope or even a fault and escarpment on that side. 

c. [have said that the Basin region was land during Meso- 
zoic times ; moreover that the Sierra region was then marginal 
Pacific sea-bottom. Now the Wahsatch region was at the same 
time a marginal sea-bottom of the great interior sea which then 
covered all the Plateau and Plains region. At the end of 
the Jurassic, as already said, the marginal sea-bottom on the 
Pacific side yielded, and the Sierra was born. Probably at 
the same time the bottom of the Jurassic sea of the Plateau 
region went down and the more open Cretaceous sea of that 
region was established. At the end of the Cretaceous period 
(the process may have commenced a little earlier), the enor- 
peat thick mass of marginal sea-bottom sediments (56,000 feet 
according to King), consisting of the whole Paleozoic and Meso- 
zoic series, at last yielded, and the Wahsatch range was born. 
This mountain wave, also, as it rose, was pushed over to land- 
ward until it broke, forming immense faults on that side. 
According to theory the long slope of this range ought to be 
on the east or seaward side and the steep slope on the west or 
landward side. Such according to Emmons is, indeed, the fact. 
The Wahsatch range rises on the east by a gentle slope twenty 
miles long, until it attains a crest 12,000 feet high, and then 
plunges down by a slope so steep that it reaches the plains 


* This Journal, III, vol. iv, p. 460 and seq., 1872. 
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about Salt Lake 4,000 feet high in two miles. The east walls 
of the faults formed here are 12,000 feet in the air—the west 
walls lie buried beneath the soil of the plains.* 

The same horizontal thrust which pushed up the Wahsatch 
also arched the stiffened land crust of the basin region and 
formed the north and south fissures and faults of that region. 
The basin ridges therefore probably belong to the same time. 

d. In passing from the lowest foot-hills, bordering on the 
San Joaquin plains, to the granite axis of the Sierra, we pass 
from fine fissile clay-slates through schists of increasing coarse- 
ness to granite. This is doubtless partly the result of increas- 
ing metamorphic change in this direction. But it is also, I 
believe, largely due to a change in the character of the original 
sediments. If the eastern base of the Sierra was once a shore- 
line, then coarse sandy sediments would have been deposited 
there while only fine clays and silts would be carried farther 
out to sea. The metamorphism of the more siliceous material 
would certainly produce gneiss and schists, while the finer 
clays by less metamorphism and by pressure would naturally 
form fissile slates. The stratified materials on the eastern slope 
nowhere, as far as I know, consist of pure and fine argillaceous 
matter like those of the western foot-hills. In the formation of 
this mountain it seems probable that the finer and softer clays 
at some distance from shore in yielding would be thrown into 
many small folds, while the somewhat firmer sands nearer 
shore, though yielding the most beneath, because thickest and 
therefore most softened aqueo-igneously, would rise as one 
simple fold, which would then be pushed over and _ perhaps 
break on the landward side. I believe it is very important 
from this point of view to compare carefully the strata on the 
two sides of mountain ranges. If mountain ranges are up- 
swelled marginal sea-bottoms, then the strata on the two slopes, 
though corresponding in age, and in fact originally continuous, 
ought not to correspond in lithological character. I believe we 
have here an answer to Studer’s objection to Lory’s theory of 
fan-structure (fig. 8), viz: the non-correspondence of the strata 
on the two sides of the crest. 


Il. Origin of Mountains. 


In all I have thus far said I have assumed that mountain 
ranges are formed by horizontal pressure in the manner and 
under conditions already fully explained in my previous papers. 
Recent observations, both in Europe and in this country, have 
entirely confirmed this view. I feel quite sure that the more 
mountain structure is studied the more certain will this view 
appear. By no effort of the imagination can we even conceive 


* Emmons, Survey of 40th parallel, vol. ii, p. 340 and seq. 
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how a range having the structure of the Appalachian, the Coast 
range, the Sierra, the Alps or the Caucasus, i. e., a range con- 
sisting of many closely appressed folds, could have been formed 
except by horizontal pressure. It is, I believe, equally zncon- 
ceivab'e that horizontal pressure ona large scale can be produced 
otherwise than by interior contraction of the earth. Ranges con- ° 
sisting of a single fold like the Uintah are equally well explained 
by the same kind of pressure ; and therefore it seems unneces- 
sary to seek a different explanation for these. My own con- 
viction therefore is that all mountain ranges have been formed 
in a substantially similar manner. But since the publication 
of my papers, some objections have been urged against this 
conclusion, which must now be examined. 

The only serious objection, based upon structure, which has 
ever been made to this view as applicable to all mountains, has 
been advanced by some of the explorers of the Plateau and 
Basin regions. According to Powell and Gilbert, while many 
mountains, namely, those of the Appalachian type, including 
the Appalachian, the Coast range and the Alps, are manifestly 
pani by horizontal pressure, the great level tables terminated 
by north and south cliffs of the Plateau region, and the parallel 
escarped, monoclinal ridges of the Basin region are more prob- 
ably produced by direct, upward lifting forces. But we have 
already shown that these are not monogenetic ranges at all, but 
only the displaced parts of one great monogenetic bulge. There 
has indeed been a vertically acting force concerned in forming 
these ridges ; but it was not a vertically up-lifting but a vertically 
down-pulling force. It was a mere gravitative adjustment of 
the broken parts of the great arch lifted as usual by horizontal 
pressure. 

The objection just mentioned is brought forward by 
thorough structural geologists educated in the field; the objec- 
tions now about to be mentioned are on the contrary brought 
forward by mathematical physicists. The former is an objec- 
tion not to the pale se but to the universal applica- 
bility of that theory; the latter are fundamental objections 
aimed at the theory itself. These physical objections, too, are 
put forward with so much confidence and with such a bristlin 
array of mathematical formule that they seem to many to fal 
little short of demonstrative certainty. It becomes therefore 
the more necessary that we should examine them carefully. 

The first objection is this: It is said that interior contraction 
cannot concentrate its effects along certain lines (viz., mountain 
ranges) without a slipping or a shearing of the exterior shell 
upon the interior nucleus ; but such slipping is impossible in a 
solid earth. I have long felt this as a really serious objection 
to the special form of the contractional theory expressed in my 
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paper. But, let it be borne in mind that it is no objection at all 
to the contractional theory, but only to that form of it which assumes 
the complete solidity of the earth. There can be no difficulty in 
the way of concentration of the effects of interior contraction 
along certain lines so as to give rise to mountain ranges, if the 
earth be liquid beneath a solid crust, as maintained by some; 
or if there be a layer of aqueo igneously fused or semi-fused 
matter between a solid crust and a solid nucleus,* as maintained 
by many of the very best geologists. To the idea of a sub- 
stantially liquid earth covered only with a thin solid shell, I 
believe there are insuperable objections; but the existence of 
a layer of semi-fused matter would not interfere with the sub- 
stantial solidity of the earth in all its cosmical relations. The 
concentration of lateral crushing along certain lines seems to 
require not however an universal semi-liquid sub-crust layer 
but only large areas of the crust thus underlaid. These areas 
are undoubtedly the ocean beds which, as we have already 
said in our previous paper, are the most contractile portion. 

A somal objection urged against the contractional theory 
is this: the amount of contraction produced by secular loss of 
heat, it is said, is wholly inadequate to produce the foldings 
which we actually find, being in fact demonstrably very small. 
Now assuming that, in so complex a problem, all the data are 
correct and the reasoning logical (a large assumption, when we 
remember the difference of views among the best physicists on 
some geological questions and the frank admission of grave 
error, recently by one of the most eminent),¢ allowing I say 
the objection its full weight and all the certainty claimed for 
it; still it is evident that this is no objection at all to the contrac- 
tional theory ; but, again, only toa particular form of that theory, 
viz: that which assumes the contraction to be the result solely 
of loss of heat. This, it is true, has seemed the most obvious 
cause of contraction. It is certainly a true cause even if it be 
not by itself a sufficient cause. There are, however, other causes 
of contraction conceivable, and perhaps still others not yet 
dreamed of. Other things besides the earth shrink and shrivel, 
and in some cases without loss of heat. Apples shrivel by 
loss of moisture, and old people’s faces wrinkle for the same 
reason. Now is it not barely possible that there may be other 
causes of shrinkage of the oan and the wrinkling of its face, 
besides loss of heat? 

It is well known that immense quantities of gas and vapors, 
especially steam, issue from volcanoes. This steam is usually, 
and perhaps truly, supposed to be derived from above—to be, 

* Fisher, Phil. Mag., vol. 1, p. 317, 1875. 


+ Sir Wm. Thomson’s Address, before British Association, 1876. This Journal, 
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in fact, percolating meteoric water. But O. Fisher* believes that 
volcanoes are the vents of superheated gases and steam from 
the interior—so superheated that they fuse their way to the 
surface and so escape. These gases and steam, according to 
him, are not meteoric but original and constituent. This view of 
the cause of volcanoes has been highly commended by the 
distinguished vulcanologist Scrope, and at least deserves the 
serious attention of geologists. If this be the true origin of 
voleanic water, then in its escape we would have another 
important factor of contraction, although perhaps, by itself, 
also inadequate.t 

In a word, it is probable that in the present condition of 
science we do not know all the causes of contraction. But the 
fact of contraction is one thing and the cause of contraction 
another and quite a different thing. The fact of contraction is 
not conditioned on our knowledge of the causes of contraction 
but rests wholly upon the phenomena of structure. If loss of heat 
be inadequate, then we must seek some additional cause. If 
all known causes be inadequate, then we must frankly acknow- 
ledge our ignorance and seek still other causes yet unknown. 

The great importance of separating these two things and 
keeping them distinct in the mind, may be illustrated by ex- 
amples. In nearly all complex subjects there are two stages of 
theorizing and therefore two successive theories. The one dis- 
cusses and determines the laws of phenomena and the condi- 
tions under which they occur—Formal theory ; the other dis- 
cusses the physical cause of these laws—Physical theory. Slaty 
cleavage is undoubtedly produced by mashing in a direction at 
right angles to the planes of cleavage and extension in the 
direction of those planes. This is completely proved both by 
observation and experiment. This is the Formal theory. It 
groups a multitude of facts and consistently explains them and 
is therefore properly called a theory. But still the question 
remains: how does crushing produce cleavage? Sorby thinks 
by change of position of foreign unequiaxed particles dissem- 
inated in a plastic mass; Tyndall thinks by the flattening of 
constituent granules into scales) These are Physical theories. 
Now it is evident that the former theory, the formal, is inde- 
_— of the latter, the physical, and in fact forms its basis ; 

ut not vice versa. So again it is certain that glaciers conform 
to the laws of fluid motion. This is the Formal theory ; it 
reduces to law, and consistently explains all the phenomena of 
glacial motion. But still the question remains. By virtue of 


* Cambridge Phil. Trans., vol. xii. part II; Feb., 1875. 

+ Even while writing this, I see that Tschermak brings forward a similar theory 
of vulcanism and connects it with many cosmic phenomena, such as solar explo- 
sions of gas, new stars, explosion of meteors, &c.—( Geol. Mag., vol. iv, 569, 1877. 
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what property do they thus move? Forbes answers, by a 
property of viscosity ; Tyndall answers, by fracture, change of 
position and regelation. These are Physical theories. Observe 
again: the formal theory is independent of the physical and 
forms its basis; but not vice versa. Now in both these cases 
it will be observed that it is the formal theory which is most 
important to the geologist. That slaty cleavage is produced by 
mashing together horizontally and upswelling vertically, or that 
glaciers move in the manner of a stream, is of immense impor- 
tance to the geologist; but the molecular cause of either is of 
great interest only to the physicist. When slaty cleavage was 
proved to be the result of compression horizontally and up- 
swelling vertically the geological problem was solved; and the 
subject was then handed over to the physicists for further dis- 
cussion. 

Now on the question of mountain origin we find the same 
two kinds of theories: That mountain ranges are formed by 
horizontal pressure crushing rock masses together in that 
direction and upswelling them vertically, is certain; and that 
this horizontal pressure is due to interior contraction of the 
earth is almost equally certain. This is the formal theory. 
But still the question remains: What are the physical causes 
of interior contraction? The discussion of this is the physical 
theory. The former we have shown is nearly perfect; the 
latter is yet very imperfect. The geological problem is well 
nigh solved; the question must now be handed over to the 
physicists for further discussion. But we must insist that the 
physicist shall make the formal theory already established by 
the geologist the basis of his discussion. But observe again that 
it is the formal theory which is of the greatest and most imme- 
diate importance to the geologist, though the physical theory 
may be the most so to the physicist. 

The two physical objections which I have just taken up and, 
I hope in part at least, answered, are brought forward by Rev. 
O. Fisher* and Captain C. E. Dutton.t They are by far the 
most serious. But tnere are other minor objections advanced 
by Captain Dutton which I must, at least briefly, notice. 

We are concerned in this paper only with the origin of 
mountains ; but in my paper on “A Theory of the formation 
of the greater features of the Earth surface,” I discussed also 
the origin of continents. I attributed those greatest inequalities 
constituting continental surfaces and ocean bottoms to unequal 
radial contraction or a secular deformation, by cooling, of a 
heterogeneous earth. The same idea had been previously 

*“On the Inequalities of the Earth Surface,” &c., Cambridge Phil. Trans., vol. 
xii, part 2d, Dec., 1873, and Cambridge Phil. Trans., vol. xii, part 2d, Feb., 1875. 

+ “Critical Observations on Theories of the Earth Physical Evolution,” this 
Journal, viii, 113, 1874; Penn Monthly, May, 1876. 
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brought out by Professor Dana and Archdeacon Pratt; and 
the latter had at one time extended the idea so as to include 
also mountain chains, although he afterward admitted lateral 
pressure as the more probable cause of these latter. Now, 
according to the view that continents and ocean bottoms are 
formed by unequal radial contraction by loss of heat, of course the 
less conductive parts would become continents and the more con- 
ductive parts ocean bottoms. Now Captain Dutton has brought 
against this view certain geological facts. The Himalayas, he 
says, were ocean bottom until late in the Tertiary (as indeed 
they were); and now these Tertiary ocean-bottoms are 15,000 
feet above sea level. Therefore, certainly, all this enormous 
rise (and probably much more, viz: the elevation of the whole 
height of the Himalayas) took place since the Middle Tertiary. 
(This is also certainly true.) Then, says he, we must believe, 
according to the radial contraction view, that until the Tertiary, 
this radius of the earth was very conductive, and became at that 
time suddenly very non-conductive!!! He gives the Alps as 
another example of a Tertiary sea-bottom which has since been 
raised 10,000 feet, and which, therefore, according to him, 
must have suddenly changed its conductivity.* He might 
have multiplied examples by adding all other mountain ranges; 
for the principle involved is the same in all. 

It seems almost unnecessary to state that there is here an 
entire and most unaccountable misapprehension of the mean- 
ing of all who have written on this subject. The formation of 
the Himalayas and the Alps come under the head of mountain 
origin, not of continent formation. Neither Professor Dana 
nor myself ever for a moment imagined that the elevation of 
the Himalayas and the Alps was due to unequal radial con- 
traction. Mountain ranges have always been formed compara- 
tively rapidly, continents very slowly and progressively. We 
know the time of birth of mountains; but continents, in spite 
of some oscillations difficult to account for, have substantially 
continued to develop in size and height throughout the whole 
geological history of the earth. This is what we would expect 
if they are due to unequal radial contraction.t 

Again, Captain Dutton makes still another objection (loc. 
cit., p. 877) to the mechanics of the contractional theory, the 
force of which I confess I do not understand. He seems to 
think there is a principle of economy of force in nature by 
virtue of which we must infer that she applies force in that 

* Penn Monthly, May, 1876, p. 372. 

+ Archdeacon Pratt, it is true, in the earlier editions of his “Figure of the 
Earth,” attributed the formation of mountain chains, especially the Himalayas, to 
unequal radial contraction, but in his fourth edition he makes lateral compression 


the cause of mountains. This is evidently the origin of Captain Dutton’s 
misconception. 
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direction which will accomplish the required result with the 
minimum expenditure. Now he says, to make a mountain range 
by horizontal pressure would require demonstrably, a maximum, 
and by vertical pressure a minimum, expenditure of force, in 
proportion to the height and mass lifted. Therefore he thinks 
mountains must be formed by vertically acting forces, upward 
for anticlines and downward for synclines. The streets of San 
Francisco are many of them paved with wooden blocks, which 
swell by wetting and are pushed up into ridges, as everybody 
supposes, by horizontal pressure. But according to Captain 
Dutton these ridges are not formed by horizontal pressure, 
because this mode necessitates a maximum expenditure of 
force in proportion to the visible work done. 

But again Captain Dutton thinks that the crust of the earth, 
under horizontal pressure, would not and could not yield 
gradually and quietly so as to retain its continuity, but would 
shiver into fragments—it would not mash, but smash and “go 
lo pi. 

I will not inquire how far this is good physics; because 
until geological physics is far more perfect than now, i.e., 
until we understand far better than we now do, the precise condi- 
tions under which physical forces acted in producing geological 
results, geological problems must often continue to be ques- 
tions of history rather than questions of physics—questions of 
what did happen, rather than questions of what, according to 
physical laws, ought to have happened. Now we have abundant 
evidence, of the most indubitable kind, of quiet yielding of 
the earth’s crust to horizontal pressure. It is absolutely cer- 
tain, for example, that slaty cleavage is produced by horizontal 
mashing; and that the mashing is so great that originally 
equal diameters are changed into diameters having a ratio of 
1:5, 1:10, or even 1:14; yet there is nosmashing or “ going to 
pt,” but only quiet yielding, like dough or plastic clay. Again, 
in mountain ranges consisting wholly of crumpled strata with 
many folds closely appressed, without even a granite axis, 
like the Appalachian or the Coast Range of California, it is simply 
inconceivable that the crumpling force should have acted in 
any other direction than horizontally; yet the strata, though 
sometimes broken and slipped, are in large measure continu- 
ous; there is no shivering into rubble, like “pack ice driven 
against a shore.” As to the condition of the strata at the time 
when these results were accomplished, i. e., whether or not they 
were more plastic then than now, is another question, and one with 
which we are not now as structural geologists concerned. But 
this is precisely the question which Capt. Dutton as physicist 
should fo Savued Here are strata in positions such that it 
is inconceivable they could have been assumed except by hori- 
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zontal pressure; but their hardness and brittleness is such that 
horizontal pressure would have smashed them into rubble; there- 
fore Capt. Dutton concludes the force was not horizontal. But 
would it not have been better to conclude: therefore the strata 
were not then so hard and brittle as now? 

Again, and finally: Captain Dutton objects, that contractional 
theorists give no reason “ why lines of thick strata should be lines 
of weakness,” and thus by yielding produce mountain ranges, 
“nor why the epoch of disturbance (mountain formation) should 
coincide with or immediately follow the epoch of deposit.” This 
sentence raises the doubt whether Captain Dutton has read 
what has been written on this subject by Hunt, Dana and 
myself, or whether having read he has not forgotten them, For 
not only is the reason insisted on both by Hunt and myself, 
but there has been some discussion as to priority in regard to 
this important idea. The idea is andieubteliy due to Hunt, 
but I have, I believe, made more use of it and shown its fun- 
damental importance in mountain making. It is, in fact, the 
corner stone of my theory, which is briefly this: The place of 
a mountain range before it was formed was a marginal sea- 
bottom receiving abundant sediment from continental erosion. 
A line of off-shore sediments many thousand feet thick, thus 
formed would cause a rise of the subjacent iso-geotherms, and 
aqueo-igneous softening both of the sediments and of the 
original crust on which the sediments were laid down. This 
would determine a line of weakness and therefore of yielding 
to horizontal pressure; and therefore the formation of a moun- 
tain range, which would immediately commence to be sculp- 
tured by erosive agents. 

Thus there are three stages in the history of a mountain 
range. First, a stage of preparation by sedimentation; this is 
the embryonic stage. Second, a stage of yielding to horizontal 
pressure; this is the period of mountain birth and mountain 
growth. Third, a stage of erosive degradation; this is the 
period of mountain decay. This last passes gradually into a 
fourth stage of mountain death and fossilization. 

We have now examined all the objections which have been 
so confidently brought against the contractional theory. Of 
these objections we find only two which are at all serious; and 
these affect not the substance but only the form of that theory— 
not the geological fuundation, but only some of the physical 
abutments. These two objections, however, are well worthy 
of serious attention as important additions to dynamical geol- 
ogy which ought to, and doubtless will, be used to modify 
the contractional theory as it now exists. 

Of Captain Dutton’s own theory, which he proposes to sub- 
stitute in place of the supposed dead contractional theory, I 
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will say nothing: partly because to do so would transgress the 

limits which I proposed to myself at the outset, and partly 

because after reading and re-reading several times I find it 

impossible to hold any clear image of the new theory in my 

mind, and I fear therefore that I might do the author injustice. 
Berkeley, California, April 1, 1878. 


Art. XI.—On the occurrence of a Solid Hydrocarbon in the 
Eruptive Rocks of New Jersey; by I. C. RussEut. 


(Read before the New York Academy of Sciences, April 29, 1878.) 


IN an article by T. Sterry Hunt, published in this Journal in 
1863,* mention is made of an interesting locality at Cape 
Gaspé where a trap dike intersects the sedimentary rocks. The 
cavities in the trap are frequently lined with chalcedony, or 
with crystals of calcite or quartz, and filled with petroleum 
which in some cases has assumed the hardness of pitch. 
Recently our attention was called to a newspaper account of 
the occurrence of mineral oil in the lava of Mt. Etna. The 
numerous round or irregular cavities contained in the lava are 
described as being coated with aragonite and filled with min- 
eral oil. An analogous instance in our own country has been 
familiar to me for some time, which, taken in connection with 
the occurrences mentioned above, seems to be of sufficient 
interest to be worth recording. 

Associated with the sheet of trap rock known as the First 
Newark Mountain, which traverses the central portion of the 
Triassic formation of New Jersey, there occurs near Plainfield, 
at an abandoned copper mine on the western slope of the 
mountain—the upper surface of the trap sheet—an amygdaloid 
trap passing into a metamorphosed shale. In this region it is 
frequently impossible to distinguish in small exposures, the 
genuine trap from the metamorphosed shales that rest in con- 
tact with itt Many of the cavities in the amygdaloidal rock 
are filled with a brilliant jet black carbonaceous mineral 
resembling very closely the albertite of New Brunswick.t 
These cavities are frequently tubular in shape, having a length 
of three or four inches and usually a diameter of about a 
quarter of an inch. Sometimes these tubes were lined through- 
out by infiltration, with a coating of quartz or calcite a line or 

*Vol. xxxv, p. 166, 1863. 

+See article by the writer ‘‘On the Intrusive Nature of the Triassic Trap 
Sheets of New Jersey,” in this Journal, xv, 277, 1878. 

¢The occurrence of “bitumen” in amygdaloid trap is briefly mentioned by 
E. 8. Dana in an article on the Trap Rocks of the Connecticut Valley. Am. Assoc. 
Sci., 1874, B 47 [also, with an explanation of its origin, by G. W. Hawes, in this 
Journal, ix, 456, 1875.] 
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two in thickness, before the carbonaceous material was intro- 
duced. Above the amygdaloid is found a metamorphosed shale 
which still retains its bedded structure, and in places presents 
something of the usual reddish color of the unaltered shales. 
This altered rock is traversed in various directions by seams 
and fissures, which are frequently filled with the same alber- 
tite-like mineral. Resting upon these metamorphosed beds 
occur slates, shales and sandstones, which contain fossil fishes 
and a considerable abundance of obscure vegetable remains. 
It seems evident that these organic bodies furnished by their 
decomposition the carbonaceous material in the associated 
rocks. The heat derived from the slowly cooling injected 
rocks may have played an important part in this process. 

The mineral whose geological occurrence we have thus 
described, gives, when subjected to chemical tests, almost pre- 
cisely the same reactions as albertite. It is insoluble in heated 
acids and alkalies, and is but sparingly if at all soluble in 
alcohol, ether, or oil of turpentine. Like albertite, also, it is 
infusible, but softens by heat and burns with a yellow flame, 
emitting an agreeable odor. It gives when incinerated less 
than 0°10 per cent of ash. 

The occurrence of petroleum in the cavities of the igneous 
rocks of Gaspé and Sicily, and of a solid hydrocarbon in the 
trap rocks of New Jersey would seem to be but different stages 
in the same process. If the cavities in a rock were filled with 
petroleum by infiltration, and evaporation slowly removed the 
more volatile portions, and oxidation took place to some extent, 
the result would be the formation of a deposit of solid hydro- 
carbon in the cavities. A similar process sometimes occurs 
with bottled samples of petroleum, by which the interior of 
the bottle is left coated with a solid carbonaceous Jayer. In 
the rocks, if a fresh supply of oil was furnished from time to 
time by infiltration, the cavities would eventually become com- 
pletely filled with the solid carbonaceous residue. A vesicular 
lava might in this manner be changed to an amygdaloid, the 
cavities of which would be filled with solid hydrocarbons in- 
stead of quartz, zeolites, etc. 

Such, it appears to us, must have been the history of the 
Triassic amygdaloid we have described, the cavities of which 
must at one time have been filled with mineral oil. This is 
but an epitome of what took place on a grand scale at the great 
fissure over 1,400 feet deep, in New Brunswick, which was 
filled with albertite, and in the case of the Grahamite in West 
Virginia, which also occupies an immense fissure. 

Since writing the above, our attention has been called, 
through the kindness of Prof. J. D. Dana, to the fact that Per- 
cival in his report on the geology of Connecticut, published in 
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1842, records the occurrence of “ bitumen” in connection with 
the trap rock of Connecticut. Those who are fortunate enough 
to possess a copy of this report will find that Percival with his 
usual accuracy of observation, mentions several times the occur- 
rence of this substance while describing the Triassic formation 
of the Connecticut Valley. Mr. Percival speaks particularly of 
“indurated bitumen” as occurring in the cavities of saenanlaleia 
trap, and in small veins in the indurated shale adjoining. Asso- 
ciated with these rocks occur, also, bituminous limestones and 
shales containing fossil fishes. Similar bituminous rocks he 
describes as occurring in the small isolated Triassic area of 
Southbury and Woodbury in Western Connecticut. In refer- 
ence to the reported discovery of coal in Connecticut the state- 
ment is made* that “This substance, however, is a more or less 
indurated bitumen, similar to that occasionally occupying the 
pores of amygdaloid, or accompanying metallic veins in the trap 
and the adjoining indurated sandstones, and is perhaps derived 
from the same volcanic source as the trap it accompanies.” 

It will be noticed from the above that the bitumen described 
by Percival has the same a associations as the mineral 
occurring at Plainfield, N. J. specimen of this mineral from 
Connecticut which we have just received from Dr. H. C. Bolton 
of Trinity College, and obtained by him from seams in trap 
rock near the new college buildings at Hartford, seems identi- 


cal in its physical and chemical properties with the solid hydro- 
carbon we have described from New Jersey. The rocks with 
which this mineral is associated in Connecticut correspond in 
lithological characters and geological position with the eruptive 
rock of New Jersey, and are a portion of the great system of 
trap ridges which traverse the Triassic formation in Connecticut 
and Massachusetts. 


Art. XIL—On a new and remarkable mineral locality in Fairfield 
County, Connecticut ; with a description of several new species 
occurring there; by Geo. J. BRusH and Epwarp §. Dana. 


First Paper. 
[Continued from page 46.] 


8. DIcKINSONITE. 


Physical characters.—Dickinsonite occurs most commonly in 
crystalline masses, which have a distinctly foliated, almost mica- 
ceous, structure. It is also lamellar-radiated and sometimes 
stellated, the laminz being usually more or less curved. This 
massive variety forms the gangue in which crystals of eosphorite 
are often imbedded, and also sometimes triploidite. It more- 


* Percival’s Geol. Rep. of Conn., p. 452. 
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over occurs in minute scales distributed through the massive 
eosphorite and giving it a green color, and is sometimes imbed- 
ded in the rhodochrosite. Minute tabular crystals are rare; they 
are observed implanted upon the gangue, and also scattered 
through the reddingite. In general aspect the mineral resembles 
some varieties of chlorite though very unlike in its brittleness. 

It has perfect basal cleavage. The hardness is 85-4, and 
the specific gravity 3°338-3°348. Luster vitreous, on the cleav- 
age face somewhat pearly. The color of the purest crystal is 
oil- to olive-green, in the massive varieties generally grass-green 
though sometimes quite dark; the streak is nearly white. 
Transparent to translucent, the crystals being perfectly clear. 
The lamine are very brittle ; fracture uneven. 

Crystalline form.—Distinct crystals of dickinsonite are not 
often found, and owing to the extremely brittle character of 
the mineral, it is only in very rare cases 
that they can be obtained showing more 
than the basal plane. The crystallo- 
graphic data which are given here were 
all obtained from two crystals, which, 
though extremely small and yielding 
only approximate angles, yet served to 
decide all the essential points. Other 
less perfect crystals gave confirmatory 
results. 

Dickinsonite crystallizes in the Monocuinic System. The 
axial ratio and obliquity were obtained from the following 
angles :— 

. Plane angle of the base=120° 0’ 


Cad, 0014 100, = 61° 30’ 
cam, 001,301, = 42° 30’ 


The axial ratio is :— 


c (vert.) b a 
0°6917 0°5773 1:0000 B=61° 30” 


For the unit prism (not observed), 
IAI = 66° 36’, and 113° 24” 
The observed planes are as follows :— 
c, O, 001. p, 4 Ii. 
a, ii, 100. $21. 
b, 010. -3-i, 30). 


The adjoining figure shows all of these planes except the 
clinopinacoid, which was only once observed. 

The following are the most important angles, measured and 
calculated : 
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Calculated. Measured. 
30’ 
*42° 30’ 
61° 8’ 61°—62° 
82° 2” 82°—82° 30’ 
19° 0° 
81° 7” 
68° 22’ 68° 
40° 40’ 
30° 56” 
98° 40’ 
118° 9 


cad, 0014100, 
001.301, 
cap, 001.111, 
cas, 001.221, 
100.301, 
a’ 1004111, 
a’ 28, 100.221, 
bap, 010,111, 
bas, 010, 221, 
pap’, 111.111, 
sas’, 221,221, 


It will be seen from the above table that the angle between 
the base and one of the two pyramids (e,~p=61° 8’) differs but 
little from the angle between the base and the orthopinacoid 
(cA~a=61°30’); there are thus three planes which have nearly 
equal inclinations to the base. This fact, which is analogous to 
that true of the Vesuvian biotite (meroxen) as pointed out by 
Tschermak,* gives to the crystals a marked rhombohedral aspect 
especially as the planes 2 (301) and s (221) have usually a minor 
development. As exact measurements were not possible the 
true relations could hardly be established beyond doubt until 
recourse was had to an optical examination. ‘This showed that 
the cleavage planes are not isotrope as they must be if rhom- 


bohedral; on the contrary one plane of vibration is exactly 
parallel to the edge c/a, and the other normal to it. 

The rhombohedral pseudo-symmetry is also shown in the 
fact that the _- angle of the base differs very little if at all 


from 120°. The most careful measurements practicable failed 
to establish any variation, That the angle really is 120° 
seems, moreover, to be indicated by the fact that on many 
cleavage lamine triangular markings are visible, which are 
apparently equilateral the angles measuring 60°; other analo- 
gous markings have four or five sides but always with angles 
of 60° or 120° as near as the measurements can be made. 

The above facts show that crystallographically dickinsonite 
is related to the micas and chlorites, although most unlike 
chemically. 

The plates of dickinsonite are sometimes striated parallel to 
the edges c/p, cp’, and also c/a, corresponding to the tri- 
angular markings mentioned and still more increasing the 
rhombohedral aspect of the crystals. No twins have been 
observed, although some very imperfect crystals early sug- 
gested their possible occurrence. 

The cleavage plates show a marked dichroism, parallel to 
the edge c/a, the rays being grass-green and much absorbed 


* Groth, Zeitschrift fir Krystallographie, ii, p. 19, 1877. 
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and normal to this yellow-green. No examination of a section 
perpendicular to the cleavage was possible, so that the position 
of the axes of elasticity in the plane of symmetry could not be 
determined. 

Chemical composition.—The following analysis was made by 
Mr. 8. L. Penfield. The method of analysis was essentially 
the same as that already described. The purest material 
available was selected, but it was found impossible to separate 
it entirely from a little admixed quartz and eosphorite. The 
small amount of alumina present is assumed to belong to the 
eosphorite, and the calculations made accordingly. In the 
table below, column (1) gives the original analysis; (2) gives 
the amount of each constituent of the impurities to be deducted ; 
(8) gives the remainder after this deduction has been made, 
and (4) the final composition after being averaged up to the 
original amount. 

ad Eosphorite 
and quarts. 
35°36 


1114 
22°55 
12°00 
03 
0°80 
4°71 
3-47 


90-06 
The ratio calculated from analysis (4) is as follows :— 


215 3 


The ratio P,O,: RO: H,O =4:12:38 corresponds to the 
formula R,P,O, +#H,O. If R= Mn: Fe:Ca:Na=5:2:: 
3:14; this formula requires :— 


FeO 
MnO 
CaO 
Na,O 
H,O 


40°05 
12°69 
25°04 
11°85 
6°56 
3°81 


100°00 


This corresponds as closely as could be expected with the 
analysis (4) given above. 
Am. Jour. Vou. XVI, No, 92.—Avaust, 1878, 


Al0, 1°55 1°55 
FeO 11°64 “50 12°40 
MnO 24°18 1°63 25°10 
Cad 12°00 13°36 
Li,O 03 03 
K,0 0°80 “89 
Na,O 471 5-25 4 
H,O 4°55 1:08 3°86 
Quartz 3°30 3°30 
FeO 172 
MnO 353 
30912: 
K,0 
Na,O 085 
15 4 
P.O, = 
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Another analysis by Mr. Penfield on a separate sample of 
dickinsonite is given below, the lime having been lost is 
determined by difference. The results are arranged as before: 
(1) is the original analysis; (2) the amount of quartz and eospho- 
rite present; (8) the result after deducting these, and (4) the 
final result calculated again to 100. 


Eosthorite 
and quartz. 

P.O; 38°18 2°13 36°05 39°53 
#10, 1°55 1°55 

FeO 11°36 10°86 11°90 
MnO 23°48 1°63 21°85 23°96 
CaO [13°67] [13°67] [14°98] 
Li, 22 22 0°24 
K,0 "67 13 
Na,O 4:36 4°36 4°18 
H,O 4°62 1:08 3°54 3°88 
Quartz 1°89 1:89 


100°00 8°78 91°22 160°00 


Pyrognostics.—In the closed tube gives water, the first por- 
tions of which react neutral to test paper, but the last portions 
are faintly acid. The residue is magnetic. Fuses in the naked 
lamp flame and B.B. in the forceps colors the flame at first 
pale green then greenish yellow. Dissolves in the fluxes and 
affords reactions for iron and manganese. Soluble in acids. 

There is no known phosphate, so far as we are aware, which 
bears any relation to dickinsonite in crystallographic character, 
and in chemical composition it seems also to be without any 
very near relatives. 

We have named this most interesting mineral dickinsonite in 
honor of the Rev. John Dickinson of Redding, Conn., our 
obligations to whom we have already acknowledged. 


4, LITHIOPHILITE. 


The occurrence of this mineral in the deepest explorations 
made has already been mentioned. It is found imbedded in 
albite in irregular rounded masses one to three inches in diam- 
eter and coated with a black mineral, the result of its own oxi- 
dation ; some of these masses have only a small core of unaltered 
mineral. 

Physical characters.—No crystals of lithiophilite were found, 
although some of the imbedded masses have in external form a 
somewhat crystalline aspect. There are three distinct cleav- 
ages: one quite perfect, always observable whenever the mineral 
is broken ; a second nearly perfect at right angles to the first ; 
and a third interrupted, which is prismatic, having an angle of 
128°-130°, and inclined at right angles to the first named cleav- 
age, and 115°-116° to the second. The similarity in composition 
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between this species and triphylite makes it possible to identify 
these three cleavages with those shown by Tschermak to belong 
to the latter mineral: the most perfect cleavage is basal, the 
second nearly perfect is brachydiagonal, and the third inter- 
rupted cleavage is prismatic (J, J=138° triphylite, Tschermak). 
he hardness is about 45; and the specific gravity, in two 
trials, 3-424, and 8°482. The color of the unaltered mineral is 
generally bright salmon-color, occasionally honey-yellow,— 
varying to yellowish-brown and on rare instances to umber- 
brown; this darker color is probably due to incipient altera- 
tion. It has a vitreous to resinous luster, and is generally 
translucent, though small cleavage fragments are occasionally 
perfectly transparent. Fracture uneven to subconchoidal. 
tical properties.—The optic axes in lithiophilite lie in the 
basal section or plane of most perfect cleavage, the acute 
bisectrix being normal to the brachypinacoid. The axial angle 
is very large the axes being partially visible in the extreme 
border of the field in the polariscope. The angle could not be 
measured satisfactorily except in oil (n=1°47); the result of the 
measured was as follows: 
2Ha=74° 45’ for red rays. 
2Ha=19° 30’ for blue rays. 

The dispersion of the axes is strong, v>p. The character 
of the double refraction is positive. The three axial colors 
are quite distinct, as follows: 

For vibrations parallel toa (that deep pink. 
5 (that is)c pale greenish-yellow. 
“ ¢ (that faint pink. 

Chemical composition.—The following analyses are by Mr. 
Horace L. Wells. The method was the same as that employed 
by Mr. Penfield in the analysis of triphylite (see beyond). 

Mean. Quantivalents. Ratio. 
P.O; 44°83 , 314 1 
‘os 056 632 201 2 
H,O 
Sid, “63 


99°87 
The ratio P,O,: RO:R,O=1 : 2: 1 proves lithiophilite to 


be a normal phosphate analogous in composition to triphylite. 
Its formula is LiMnPO, or LiPO,+Mn,P,0,. This formula 
requires :— 


0-93 


P,0, 45°22 
MnO 45-22 
Li,O 9°56 


100-00 


t 


120 Brush and Dana—Fairfield County Minerals. 


The mineral lithiophilite is consequently a manganese mem- 
ber of the triphylite group. Mr. Penfield has previously 
shown that the true formula of triphylite, hitherto doubtful, is 


I I Ir 

R,PO,+R,P,0,,* where R=Li, and R=Fe mostly, also Mn. 
His conclusions are confirmed by the results of Mr. Wells’ 
analysis of lithiophilite. 

Rammelsberg found (as a mean of four analyses) in the 
Bodenmais mineral 39°97 p. c. FeO, and 9°80 p.c. MnO. Mr. 
Penfield, in his analysis of the Grafton, New Hampshire, 
obtained 26°09 p. c. of FeO and 18°17 p.c. MnO. The altered 
triphylite from Norwich, Mass., also contains a considerable 
amount of manganese, but as manganese sesquioxide (22°59— 
24°70 p.c.); the unaltered mineral has never been analyzed. 
These facts go to show that between the true triphylite,—the 
tron-lithium phosphate—,and the lithiophilite,—the manganese- 
lithium phosphate—a number of different compounds exist, 
containing varying amounts of iron and manganese, as is true 
in many other analogous cases of isomorphous groups of com- 
pounds. It is probable, however, that to all varieties of the 
two minerals belongs the general formula :— 

R,PO, +R,P,0,. 

Pyrognostics.—In the closed tube gives traces of moisture, 
turns dark-brown and fuses but does not become magnetic. 
Fuses in the naked lamp-flame and B.B., gives an intense 
lithia-red flame streaked with pale green on the lower edge. 
Dissolves in the fluxes giving in O.F. a deep amethystine bead, 
and in R.F. a faint reaction for iron. Soluble in acids. 

The name lithiophilite, from lithium and geddg, friend, may 
properly be given to this species as it contains a very high per- 
centage of lithia. 

5. 


Physical characters.—Reddingite occurs sparingly in minute 
octahedral crystals, belonging to the orthorhombic system. It is 
also found more generally massive with granular structure ; it 
is associated with dickinsonite, and sometimes with triploidite. 
As compared with the other species which have been described 
it is a decidedly rare mineral. The massive mineral shows a 
distinct cleavage in one plane, the crystallographic direction of 
which could not be ascertained in the crystals owing to their 
small size. 

The hardness is 3-85; and the specific gravity for the min- 
eral analyzed, containing 12 p. c. quartz is 3°04; this gives on 
calculation for the pure mineral 3°102. The luster is vitreous 
to sub-resinous; the color of the perfectly unaltered mineral 


* This Journal, II], xiii, June, 1877. 
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ale rose-pink to yellowish-white, sometimes with a tinge of 
rown; crystals are occasionally coated dark reddish-brown 
from surface alteration ; the streak is white. Transparent to 
translucent; fracture uneven ; brittle. 

Crystalline form.—The crystals of reddingite are rare and 

, occur only in cavities in the massive min- 
eral. They have uniformly an octahedral 
habit ; sometimes only the unit pyramid is 
present and in other cases a second macro- 
diagonal pyramid, with the brachypinacoid 
as shown in the accompanying figure. The 
crystals belong to the ORTHORHOMBIC Sys- 
TEM. The fundamental angies are as fol- 
lows :— 

pap’, Wlalll = 176° 50’ 
pap”, Wlalll = 110° 43” 

These angles are only tolerably exact, the probable error 
being as high as+ 5’. The axial ratio calculated from the 
above angles is:— 

c (vert.) a 
1-0930 11524 1-0000 

The angles of the fundamental prism (not observed), are 

I~ T=98° 6’ and 81° 54’. The observed planes are :— 


The important angles are as follows, calculated from the 
axial ratio :— 


65° 16’ 
76° 50’ 
110° 43” 
35° 30’ 
89° 17” 
99° 59” 


1114111, 
1114111, 
1114 111, 
212.212, 
212. 212, 
, 212,212, 
0104 111, 51° 22” 
010 212, 12° 15” 

Of the above angles the only ones that admitted of exact 
measurement were the three pyramidal angles, of which two 
have been taken as the basis M4 calculation and the third gave 
111, 111=65° 22, required 65° 16’. 

Reddingite is closely isomorphous with scorodite and stren- 
gite; the corresponding pyramidal angles for the three species 
are as follows :— 


wb +4, 010 ; 
Ui; 
q, 1-2, 212. 
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1114111 16° 50’ 8” 18° 22’ 
1114 111 65° 16” 65° 20’ 64° 24’ 
111,711 = 110° 43” 111° 6” 111° 30’ 
The axial ratios of the three species are as follow :— 
c (vert.) a 
Reddingite 1:0930 1:1524 1: 
Scorodite (vom Rath) 1°1020 1°1530 1 
Strengite (Nies) 1°1224 1-1855 1: 

The relations of the three species in chemical composition 
are spoken of in a later paragraph. 

Chemical composition.—The best available material was used 
in the analyses by Mr. Horace L. Wells; it was free from 
every impurity with the exception of the quartz, which was so 
intimately intermixed that separation was impossible. The 
presence of the quartz, however, did not interfere in the least 
with the accuracy of the composition finally deduced. The 
water was determined directly. 

Two analyses gave : 


Mean. 
Quartz 12°08 
P,0, . . 30°37 
MnO 40°71 
FeO 4°19 
Na,O (trace Li,O) 0°27 
CaO 


0°70 0°68 
H,0 11-70 11°51 


100°71 100'11 100°41 


Excluding quartz, the mean of the two above analyses gives: 


P,0, 34°52 243 243 1 
MnO 46°29 

FeO 5°43 075 146 
Na,O (tr. Li,0) 0°31 “005 

Cad 0°18 014 J 

13°08 127 3°00 


100°41 

The ratio P,O, : RO: H,O=1: 3: 8, corresponds to the form- 
ula Mn,P,0,+8aq, which requires the following percentage 
composition :— 


3°07 


== 34°72 
= 62°08 
= 13-20 

100-00 

It is interesting to note here that the same formula was 
deduced by M. Debray* for an artificial salt which he obtained 
in brilliant crystalline grains by boiling a solution of phos- 

* Annales de Chimie et de Physique, III, lxi, 433, 1861. 
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phoric acid in excess with pure magnanese carbonate. He 
gives, however, no description of the form of the crystals 
obtained. 

The close correspondence of reddingite with scorodite and 
strengite has already been pointed out; chemically the relation 
is not so close, for the manganese is all in the lowest state of 
oxidation and only three molecules of water are present. The 
formulas for the three minerals are as follows :— 

Mn,P,0, +3aq. 
FeAs,0O, +4aq. 
FPeP,0, +4aq. 

Pyrognostics.—On heating in the closed tube, whitens at 
first, then turns yellow and finally brown, but does not 
become magnetic. In the forceps fuses in the naked lamp 
flame oe B.B. colors the flame pale green and fuses 
easily to a blackish-brown non-magnetic globule. Dissolves in 
the fluxes and reacts for manganese and iron. Soluble in 
hydrochloric and nitric acids. 

Reddingite is named from the town in which the locality is 
situated. It was the last of the above species to be discovered, 
and we were led to make an especial search for it by finding 
black octahedrons implanted upon one specimen which were 
obviously pseudomorphs and which could not be referred 
to any known species. Another — exhibited pseudo- 


morphs of the same species, but where the alteration was not 
so far advanced. 


Concluding note. 

In a second paper upon this locality which we expect to pub- 
lish within a we shall under the of 
Jairfieldite a sixth new species, whose character has been deter- 
mined too late to find a place in these pages. It is a hydrous 
ee of manganese and lime, having the formula R,P,O, 
+2H,0, where the protoxide elements are manganese and lime 
chiefly ; also iron and soda in small quantities. Fairfieldite is 
a yellowish-white to colorless transparent mineral, with an 
adamantine luster on the surface of eminent cleavage; the 
hardness is 8°5, and the specific gravity is 3°15 

We intend also to give descriptions and, so far as possible, 
analyses of the other associated minerals, as, rhodochrosite, 
hebronite, the black massive products of decomposition and 
other species of special interest. 
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Art. XII.— Observations of the Transit of Mercury, May 5-6, 
1878; by L. TROUVELOT. 


THE transit of Mercury over the Sun was observed at my 
Physical Observatory in Cambridge with the 64 inch refract- 
ing telescope by Merz, the full aperture being used during the 
whole time of transit. The power employed for the observa- 
tions of contacts was 153, but for physical observations higher 
powers were found necessary. Even as high as 250 and 450 
were found excellent during the afternoon. The chronometer 
was compared before and after transit with the Harvard Col- 
lege Observatory mean time clock. 

On the morning of the transit the prospects for good observa- 
tions were not promising, the sky being overcast with dense 
and continuous cirri which, however, allowed the sun to be 
seen through them most of the time. But in consequence of 
this state of the atmosphere the telescopic image appeared 
rather poorly illuminated ; although, considering the circum- 
stances the definition was fair and the image quite steady, the 
sun’s limb appearing only a little diffused. 

Half an hour before the predicted time for contact the sun’s 
surface was carefully scrutinized, but no spots were seen; and 
although a few small scattered facule were visible later, none 
could be seen at the time, owing probably to the thick vapors 
in the sky. No trace of the granulations of the solar surface 
could be seen. The sky forming the background to the sun 
appeared of a milky whiteness, a very unfavorable condition 
for the observation of Mercury before ingress. 

From 225 20" till the time of contact, efforts were made to 
find the planet outside of the sun, but with no success ; ry 
the telescope was directed exactly where Mercury entered the 
solar limb, and my sight must very likely have been directed 
several times where the visible planet wassituated. At 22526", 
the chronometer’s beats began to be counted, and at 225 28™ 
87*5, Harvard College Observatory mean time, the planet 
suddenly made its appearance, notching the sun’s limb almost 
exactly where my sight was directed at this moment. The 
suddenness of the phenomenon created some confusion in my 
mind from which ensued a delay of perhaps one or one and a 
half seconds in my record of the time, so that most probably 
the true contact really occurred at 224 28" 360, H. C. O. mean 
time. 

Although the contact seemed to me at first to have been 
instantaneous, yet, some unexplained phenomenon must have 
taken place immediately before I saw the black notch on the sun’s 
limb, as I distinctly remembered afterwards that my attention 
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was called to this particular spot by a something I cannot well 
define, but which made me aware of the approach of the planet. 
But the impression was so rapidly followed by the contact that 
I have no definite idea of it, and am consequently unable to 
describe it. 

While the disc of Mercury was passing the Sun’s limb, my 
attention was particularly directed to the observations of the 

hysical phenomena. The luminous point on the disc and the 
uminous ring were eagerly sought for, but no trace of either of 
these phenomena was perceived. The two opposite parts of the 
aun’s limb in apparent contact with the black disc of the 
_ were also carefully observed to see whether there would 

e any index of atmospheric refraction, but nothing indicating 
it was observed. It is true that at this time the vapors in 
our atmosphere were quite dense and the telescopic image 
faintly illuminated; in fact, the conditions were not at all 
favorable for such delicate observations. 

As the time of internal contact was nearing, it became obvi- 
ous to me that it would be very difficult to estimate the exact 
time of true contact by the observation of the breaking up of 
the cusps, as they did then appear very dark and indistinct, so 
I immediately concluded to observe the apparent contact when 
the black dise of Mercury would be in apparent contact with 
the sun’s limb. This was done, and the phenomenon took 
place at 225 30m 5285, H.C. O. m. t. 

I feel quite confident that I have recorded this internal contact 
within a second or two of its true occurrence. According to these 
observations, the time elapsing between the two contacts was 
2" 1685. At least a minute passed before I was certain of see- 
ing a thread of light separating Mercury from the sun’s limb. 
No ligament or black drop was seen, however, the dark appear- 
ance of the eusps and the considerable time elapsing between 
the apparent internal contact and the breaking up of the cusps 
ool perhaps indicate that such a phenomenon took place; 
but if such was the case, the black drop could not have been 
as dark as the disc itself, otherwise it is likely that it would 
have been noticed, as I was in expectation of seeing such a 
phenomenon. 

A few minutes after the internal contact, the disc of Mercury 
appeared pyriform and slightly elongated towards the sun's 
limb. This decided appearance of the planet continued visi- 
ble for fifteen or twenty minutes; the major axis of the ellipsis 
being directed from northwest to southeast, it being a little in- 
clined towards the east to the south of the path of Mercury on 
the Sun. This appearance was probably illusory, as later when 
the a was clear, the black disc appeared perfectly 
circular. 
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From the time of first contact till one o’clock in the after- 
noon, the sky became more and more cloudy and the observa- 
tions consequently more difficult. During this time no traces 
of the inter-mercurial planets, or of the luminous ring were 
seen. However, I had a persistant impression of a faint nebu- 
lous cloud on or near the center of the black disc, but notwith- 
standing my efforts, I was not able to satisfy myself whether it 
was real or illusory. 

At about three o’clock the sky cleared up, the definition was 
good ; small faculze and the granulations being well seen on 
the sun, Mercury was ere with much attention. At this 
time the planet appeared of an intense bluish-black color, much 
darker than in the morning. With the powers 250 and 450, 
the planet lost entirely the flat appearance of a disc, and its 
globular form became very conspicuous and striking ; although 
no difference in the uniformity of its intense bluish-black tint 
was noticeable which could produce this phenemenon. The 
blackness of the disc appeared much more intense than the 
umbra or nucleus of any solar spot I have ever observed, and I 
do not think that any observer familiar with the appearance of 
sun spots, could for a moment be mistaken and a a round 
black spot for a planet in transit, so striking is the difference in 
character. 

The small nebulous cloud observed in the morning on Mer- 
cury still appeared to be there in the afternoon, but while the 
vision had greatly improved by the clear sky, it seemed just as 
faint, ill defined and ghost-like as when the sky was vaporous. 
Great efforts were made to see a definite luminous point in this 
cloud, but nothing of the sort was visible. I was not able to con- 
vince myself of the reality of the phenomenon, and I am rather 
inclined to think it illusory from the well ascertained fact 
that the nebulous cloud was best seen in the afternoon when 
the image was slightly tremulous; but the moment it became 
steady, the phantom cloud vanished entirely, and the disc of 
Mercury appeared of a uniform intense bluish-black color. 

During the whole time of transit, attention was given to the 
supposed inter mercurial planets which might have been in 
transit on the sun with Mercury, but no trace of such bodies 
could be detected, either by direct vision in the telescope or by 
projection on a screen. If such bodies do really exist and one 
or several were in transit with Mercury, their apparent diame- 
ter must be very small, and at least less than one-half of that 
of the smallest solar granules, as a black object of this size 
could have been easily detected during the afternoon. 

Although pretty well defined, the edge of the black disc of 
Mercury never appeared very sharp, even during the moments 
of best definition ; nor did its outline appear perfectly smooth, 
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but irregularly and slightly serrated, either by black or grayish 

ints. This was particularly noticeable on the south yng 
ing side, where the black disk seemed to be prolonged by a 
short grayish appendage. This peculiarity already observed in 
the morning soon after the first internal contact, was still visible 
during the afternoon when the sky was clear and the image 
steady ; although it was not then so apparent. 

A sharp watch was kept for the luminous ring, and I had 
almost lost all hope of seeing it, when soon after the sky cleared 
up, I saw a short and narrow arc of light hanging on the pre- 
ceding side of the black disc, and a little larger and wider one 
on the following side. As a few small facule were scattered 
in the vicinity of the planet, I at first thought that Mercur 
was passing over some of these objects, but it soon became evi- 
dent that these luminous ares were really hanging to the dark 
disc, as I could soon see them passing over the solar granulations 
with the planet. Fig. 1. 


1 


The seeing having improved soon after, I distinctly saw a 
continuous ring of light encircling Mercury, and I continued to 
see the phenomenon for two hours longer, until the sky clouded 
up after five o’clock. I have not the least doubt as to the 
reality of the phenomenon, as it was well seen and carefully 
observed. During the most favorable moments it was very 
obvious that the ring had not the same degree of brightness 
throughout, the Siaties parts being well defined on the sun, 
while the others were diffused. Taken as a whole, the ring 
appeared brighter than the surface of the sun, and for intensity 
it might have been compared to the narrow and faint facule 
sometimes seen at some distance from the sun’s limb. It seemed 
to me that if instead of having been on the granulations, the 
planet had been projected over some brilliant facule, by con- 
trast, it would have appeared surrounded by a grayish instead 
of a luminous ring. The outer edge of the ring did not appear 
sharply defined, except at its brightest parts, but its inner edge 
was much more apparent, aud the irregularities of the black 
disc very visible on this luminous background. 

The ring did not appear perfectly concentric with the black 


2. 
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disc, and this became very apparent a little before five o'clock 
when the seeing was at its best. Then it certainly appeared 
narrower on the preceding side than on the following. At this 
moment I estimated its width on the preceding side at about 
one-twentieth of the diameter of the disc, while on the follow- 
~~ was estimated at about one-fifteenth. Fig. 2. 

etween four and five o'clock, Mercury was spectroscopically 
observed with an excellent diffraction grating which I owe to 
the kindness of Mr. Rutherfurd. The spectrum appeared of an 
intense black color, much darker than any of the absorption 
lines of the solar spectrum, and quite sharply defined on its 
edges. I attentively observed whether the absorption lines 
appeared thickened or deflected close to their point of contact 
with the spectrum of Mercury, but nothing wasseen. I do not 
remember having seen the spectrum of the luminous ring form- 
ing a bright band on either side of the black spectrum, but 
unfortunately the thought of making this observation did not 
occur to me till after the transit was over. Judging from the 
bright appearance of the ring, it is quite likely that this spec- 
trum would have been visible with a spectroscope of small dis- 
persive power. 

After five o'clock the sky became partly cloudy, and observa- 
tions were difficult. At 55 54™ the definition was rather bad, 
the image being unsteady and the limb of the sun wavey 

and boiling. A minute or two before the third 

; contact, the sun disappeared behind a narrow, but 

opaque cloud, and when it emerged from it, inter- 

m=, nal contact had taken place and was consequently 

¢ lost, the planet having then about half of its disc 

= engaged on the sun’s limb. While Mercury was 

thus passing over the limb, I easily and very dis- 

tinctly saw that the two angles formed by the limb 

of the sun in apparent contact with Mercury had 

their corners rounded off. Fig. 3. This phenomenon 

which was very apparent seems to be of the same 

nature as the black drop, which I had not the good 

fortune to see. I do not remember having seen at 

mises this time any trace of the luminous ring either on, 

or outside the sun, but the seeing was bad at this moment, and 

my attention was so much occupied with the last contact that 
very likely it has escaped my notice. 

As already stated, the sun’s limb was wavey and boiling at the 
time of the two last contacts; it is undoubtedly owing to this 
fact that at 6" 0™ 14s, Mercury completely disappeared from the 
limb of the sun, and last contact was recorded. However, a 
few seconds later, the planet reappeared and was seen still 
notching the sun’s limb, it having probably been lost in the 
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trough of some deep wave of the sun’s edge. The last contact 
occurred at 6 0m 86*7, Harvard Coll. Observatory mean time. 
No trace of the planet was seen after it left the limb of the sun, 
but the sky was not very clear and the image was too unsteady 
to make delicate observations. 
The luminous ring observed around Mercury in transit has 
enerally been attributed to the horizontal refraction undergone 
© the rays of the sun in passing through the dense atmosphere 
which is supposed to envelop this planet. This explanation 
seems quite plausible, although it is difficult perhaps to con- 
ceive how atmospheric refraction alone can produce such a 
phenomenon, and it would seem that something else is wanting 
to fully explain it. Perhaps the refraction theory might some- 
what be helped by the fact that the sun, having a vastly greater 
diameter than Mercury, must necessarily illuminate at all times 
more than one-half of the globe of this planet, and this surplus 
of illumination must be visible from the earth during transits, 
and appear as a thin luminous ring surrounding Mercury. Of 
course the distance between the sun and Mercury considerably 
reduces the apparent breadth of this ring; but still it is there ; 
and this, combined with the horizontal refraction, may explain 
the observed phenomena. 
Cambridge, May 8th, 1878. 


Art. XIIT.— Discovery of a new Planet ; by Professor C. H. F. 
a 


Prrers.—From a letter to the Editors, dated Litchfield Ob- 
servatory of Hamilton College, Clinton, N. Y., July 3, 1878. 


On June 18th 1 marked upon my chart, quite near to a star 
of the 11th magnitude, another of te 12th or 18th magnitude ; 
and on June 19th this star was no more in its place. I there- 
fore drew upon the chart all the small stars in the neighbor- 
hood; but before the one among these that had revealed itself 
by its motion as a planet, could be recognized, the sky had be- 
come thick. On the following evening, June 20th, there was 
no difficulty in finding the planet. Its position was put down 
on the chart; but when the micrometer was arranged for obser- 
vation, it had clouded up. So the sky remained until June 
25th, when a complete determination of its position was ob- 
tained. Having notified Professor Pickering, I have received 
through his kindness also an observation of the same evening, 
made by Mr. Winslow Upton at the Cambridge observatory. 

The following are the positions of the new planet, I have 
succeeded in gathering here, including those graphically 
obtained from the chart. 


4 
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[188] apparent. 
a. 6 


1878. Ham. Coll, m. t. 
h. m. hm 38. 
10 30 — 15 40 28 —17° 5”41” Uncertainty +10” 
11 O0O-— 15 39 56 16 59°1 +30” 

10 30 — 15 39 29 16 52:3 +30” 
12 23 4 15 37 23°01 16 22 51:0 18 comp. by ring micr, 
ll 9 54 15 36 45°74 1612 98 16 
10 45 49 15 36 29°20 16 6 52°4 9 comp. by filar micr. 
10 11 32 15 36 14°82 16 2 56.4 10 * sag 

, 10 12 48 15 36 1°56 15 57 8&3 12 comp. by ring micr. 
10 28 13 15 35 50°10 —15 52 23°65 12 


The comparison stars of June 28 and 80 require a re-deter- 
mination by some meridian circle. 


Art. XIV.— On “ Indurated Bitumen” in cavities in the trap of 
the Connecticut valley. From the Report on the Geology of 
Connecticut, by Dr. J. G. Percrvat, 


Dr. PercivaL’s observations on the occurrence of what he 
called “indurated bitumen” in the trap of Connecticut valley, 
given in his Ta Report of Connecticut (1842) are briefly 
mentioned in Mr. I. C. Russell’s paper, page 112 of this volume. 
Percival’s notes are so full, and of so great interest, that we cite 
further from his Report. 

Speaking, p. 315, of the common variety of amygdaloid accom- 
panying the trap he says, that the “ pores” [cavities] are some- 
times occupied by a shining black indurated bitumen, somewhat 
resembling anthracite in appearance.” Further, p. 318, that the 
metallic veins in the trap, whose ores are sulphides of copper, lead, 
zinc and iron, in a matrix of “sulphate of barytes, quartz and 
calcareous spar,” “occasionally contain seams or nodules of indu- 
rated bitumen, similar to that already noticed” on p. 318, and 
that in the “altered rocks adjoining the trap”—the sandstone— 
various minerals are often found, including “yalite, epidote, 
chlorite, brown spar, fluor spar and indurated bitumen.” Again, 
p. 320, he remarks that in the trap region of Berlin and Hartford, 
there are in the shale apparent dikes that consist of indurated 
shale, “through which points of bitumen are disseminated, as 
already noticed in a variety of amygdaloid;” and that in the 
brown and bituminous shale accompanying these dikes, there are 
“also included seams of bitumen with brown spar and sometimes 
with fluor.” 

The above are general statements as to the different modes of 
occurrence of the “indurated bitumen.” In the course of the fol- 
lowing pages he mentions the facts at special localities. 

On page 376, he observes that east of Farmington near the 
north point of a ridge of amygdaloid, “a quantity of indurated 
bitumen (considered as coal) was found on the back of the amyg- 
daloid, the pores [amygdaloidal cavities] of which in the vicinity 
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were occupied ree by a similar bitumen, and partly by a dark 
green chlorite.” “Copper has been found in veins in the anterior 
amygdaloidal ridge west of the Hanging Hills,” near Meriden, 
re “a similar bitumen is found in the matrix of the veins, which 
consists of quartz, calcareous spar and sulphate of barytes.” 

Page 382. In the trap range west of Middletown “where the 
stream (the Mattabesick) crosses the third (Eastern) ridge, con- 
siderable quantities of indurated bitumen have been found in the 
trap, occupying veins and the cavities of large quartz geodes ”; 
and farther north, on the east side of the same ridge, where the 
trap appears as a dike and is bordered laterally by brown indu- 
rated shale small veins occur” in the trap and shale containing 
sulphurets of lead, zinc and iron, in a matrix of quartz, sulphate of 
barytes and calc spar, and also including seams of indurated bitu- 
men. On page 384 he observes that in the line of the ridge pass- 
ing through New Britain, at Hart’s Mills, there is a wide bed of 
bituminous shale with interposed bands of a bluish compact sub- 
bituminous limestone,” and here there is a dike of indurated cla 
with disseminated bitumen, “adjoining which the shale abounds 
in cross seams of brown spar with bitumen and fluor.” 

Page 385. Near the north point of Farmmgton Mountain west 
of north from New Britain, the amygdaloid “abounds in agates 
and has its pores partly occupied by indurated bitumen.” 

The localities above mentioned are within twenty-five miles of 
New Haven, to the northeast and north. 

Page 388. South of Hartford, toward the southern end of the 
trap ridge called Rocky Hill, where it is nearly east and west in 
course, it “crosses a wide valley in which is a large bed of bitu- 
minous shale containing fish impressions, recently excavated for 
coal.” The ridge terminates toward the north in low swells of 
——) and just northeast is a mass of dark greenish indu- 
rated shale, highly contorted and disturbed in dip, with seams of 
bitumen and calcareous spar and traces of copper. 

After speaking in several yet: on pages 428 to 447, of out- 
crops of bituminous shale and limestone, forming part of the Tri- 
assic sandstone formation, and often containing fish remains, he 
mentions on page 451 the occurrence of similar bituminous shale 
and limestone in the small Triassic area of Southbury (which is 
quite independent of that of the Connecticut valley, and fifteen 
miles west of it); and adds that “seams of indurated bitumen and 
also of mineral caoutchoue occur in the bituminous shale and 
limestone, and the latter, particularly, is sometimes impregnated 
with naphtha.” 

Percival’s facts thus have great importance toward settling the 
question as to the origin of the hydrocarbon of the amygdaloid. 
They show that the material occurs in the Triassic rocks as 
naphtha; as a flexible half-indurated material which he called 
caoutchouc; and as a firm, brittle coal-like material, which he calls 
indurated bitumen. Professor C. U. Shepard, his associate in the 
survey of Connecticut, mentions the “indurated bitumen” (Rep. 
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1837, p. 61, 62 and 152); but calls the mineral from the West 
Hartford trap, anthracite. He remarks that the coaly substance 
from “the trap at Farmington, Southbury and Rocky Hill, Hart- 
ford, ignites slowly and burns without odor; further that the same 
from the shale at Berlin, and the bituminous shales of Southbury, 
is “compact bitumen”; that “in many instances when freshly 
taken from the quarry it is semi-fluid, or only so much inspissated 
as to form what is called elastic bitumen or mineral caoutchouc, 
and burns with a white flame and much smoke.” 

Percival recognized the igneous origin of the trap, and the fact 
that the Triassic or “Secondary formations were formed from the 
debris of the Primary rocks.” The remark with which he closes 
the subject implies that he supposed the bituminous material to 
have come from the same deep-seated source asthe trap. Yet his 
facts, and his special presentation of them, are so wall sdtndaied 
to prove that the bituminous shale and limestone are the sources 
of this “indurated bitumen,” and that the trap, while on its way 
to the surface, took in the gaseous hydrovarbon distilled from the 
rocks by the heat—nearly at the same time that it took in mois- 
ture in vapor from some sources of water and so became hydrated 
and vesicular—(a view I have for some years held*), that it is 
reasonable to suspect that Percival may have entertained this 
opinion although it was not his final conclusion. It seems hardly 
probable that, after observing with so much detail the wide dis- 
tribution of the bituminous shales and limestone, he should have 
attributed all the impregnating hydrocarbon of these rocks to the 
igneous eruptions. 

The view that the bituminous material in the trap came from 
the shales and limestone and was taken in by the hot trap on its 
way through these rocks, is brought out by Mr. G. W. Hawes in 
this Journal, on page 56 of volume ix, 1875. J. D. D. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHYSICS. 


1. Underground Temperatures.— The subject of underground 
temperature is daily receiving more attention. Sir William 
Thomson, in the Phil. Mag. for May, 1878, No. 32, page 370, pro- 
poses the following problems for solution : 

Problem I. A fire is lighted on a small portion of an uninter- 
rupted plane boundary of a mass of rock, of the precise quality of 
that of Calton Hill, and after burning for a certain time is re- 
moved, the whole plane area of rock being then freely exposed to 

* This water I have supposed to have largely underlaid the Triassic formation, 
occupying spaces between it and the subjacent metamorphic rocks, and also to 
have existed in and among the strata of the formation—the beds being often porous 
sandstones and loosely united (this Journal, vi, 1873, page 108); and if mainly 
from beneath the Triassic, it would have been taken in just before the hydro- 
carbon vapors. 
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the atmosphere. It is required to determine the consequent con- 
duction of heat through the interior. 

Problem II. It is required to trace the effect of an unusually 
hot day on the internal temperature of such a mass of rock. 

Problem III. It is required to trace the secular effect conse- 
quent on a sudden alteration of mean temperature. 

Problem [V. It is required to determine the change of tem- 
perature within a ball of the rock, consequent upon suddenly 
removing it from a fluid of one constant temperature and plunging 
it into a fluid maintained at another constant temperature. 

Thomson contines himself mainly to the mathematical discussion 
of problem I, since the solutior for problem I can be applied with 
slight variations to problem II and III, and problem IV is an 
example of Fourier’s well known solution for a globe, which has 
lately been treated in detail by Professors Ayrton and Perry. 

Problem I is thus stated according to the author’s assumptions : 
“An infinitely small area of an infinite plane, terminating on one 
side a mass of uniform trap rock, which extends up indefinitely 
in all directions on the other side, is infinitely heated for an in- 
Jinitely short time, and the whole surface is instantly and forever 
after maintained at a constant temperature. It is required to de- 
termine the consequent internal variations of temperature.” 

From the mathematical expression obtained from this statement 
the following conclusions result. 

(1) The simultaneous temperatures at different points equi- 
distant from the position of the fire are simply proportional to the 
distances of these points from the plane surfaces. 

(2) The law of variation of temperature with distance in any 
one line from the place where the fire was applied, is the same at 
all times. 

(3) The law of variazion of temperature with time is the same 
at all points of the solid. 

(4) Corresponding distances in the law of variation with dis- 
tance increase in proportion to the square root of the time from 
the application and removal of the fire; and therefore, of course, 
corresponding times in the law of variation with time are propor- 
tional to the squares of the distances. 

(5) The maximum value of the temperature, in the law of varia- 
tion with distance, diminishes inversely as the square of the in- 
creasing time. 

(6) The maximum value of the temperature in the law of varia- 
tion with time, at any one point of the rock, is inversely as the 
fourth power of the distance from the place where the fire was 
applied. 

. 7) At any one time subsequent to the application of the fire, 
the temperature increases in any one direction from the place 
where the fire was applied to a maximum at a distance equal to 
V/2kt, and beyond that falls to zero at an infinite distance in 
every direction. The value of & for the trap rock of Calton Hill 

Am. Jour. oniiome Series, VoL. XVI, No. 92.—Aveust, 1878, 
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being 141, when a year is taken as the unit of time, and a British 
foot the unit of space, the radius of the hemispherical surface of 
maximum temperature is therefore 16°8X«/é¢ feet. Thus at the 
end of one year it is 16°8 feet, at the end of 10,000 years it is 1689 
feet, from the origin. 

(8) At any point at a finite distance within the solid (which, by 
hypothesis, is at temperature zero at the instant when the fire is 
applied and removed), the temperature increases to a maximum 
at a certain time, and then diminishes to zero again after an in- 
finite time ; the ultimate law of diminution being inversely as the 
square root of the fifth power of the time. The time when the 
maximum temperature is acquired at a distance r from the place 

t2 
where the fire was applied, is [>Z, or, according to the value 


t2 
found for trap rock, 3377, of a year. Thus it appears that at one 


French foot from the place of the fire, the maximum temperature 
is acquired a day and a half (more exactly 1°54 days) after the 
application and removal of the fire. At 15°4 French feet from 
the tire, the maximum temperature is reached just a year from the 
beginning, and at 1540 feet the maximum is reached in 10,000 
ears, 
. Many observations on underground temperatures have been 
made by Dr. Schwartz in the mining district of Schemnitz in 
Hungary. A resumé of his work has appeared in Nature, April 
11, 1878. Observations were taken by the means of mercurial 
thermometers, placed in holes *422 and °79 of a metre, which were 
bored in the rock of thirty-eight galleries. In the final reductions 
Dr. Schwartz compares the temperature in the deepest galleries 
of each shaft with the assumed mean annual temperature of the 
round at the shaft mouth. He also gives his reasons for believ- 
ing that the mean temperature one meter deep in the localities in 
oa is 1° C. higher than the mean temperature of the air. 
rom the reduced observations we learn that there was a total 
increase of 38°°3 C, in 1587 m., which is at the rate of 1° C. in 
41°4 m., or 1° F. in 75°5 feet. 

The comparison of the deepest observations with the shallowest 
which was undertaken as a dcck upon the above, gave a mean of 
1° F. in 72°5 feet. 

The rock consisted mainly of trachyte and greenstone. From 
an analysis of the rocks the report appears to indicate important 
variations in temperature, due to the decomposition of metallic 
sulphides. Observations have also been taken by the manager 
of the Boldon Colliery, between Newcastle and Sunderland, in 
holes bored upward to a distance of ten feet from some of the 
deepest seams. The thermometer used is characterized as a slow 
action one—not a self-registering one—and was placed in the bot- 
tom of the hole and protected by an air-tight plug. The distance 
of the thermometer from the surface of the earth was 1365 feet. 
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This thermometer, thus placed, gave an indication, April 26, of 
75°, which was the same for four consecutive weeks. The same 
thermometer was placed in the same manner in another hole, 
1514 feet from the surface of the earth. Observations taken in 
July and August gave a temperature of 79°. The mean annual 
temperature at the surface was assumed to be 48°. For the inter- 
val of 149 feet between the holes, there was an increase of 4° F, 
which is at the rate of 1° F. in 37 feet. In the whole depth of 
1514 feet from the lower surface to the lower hole we have an 
increase of 31°, which is at the rate of 1° F. in 49 feet. Late 
observations in India indicate that the Summer heat influences 
observations taken even at a depth of sixty feet. J. 7. 

2. On the Law of Solid Volumes.—Scurdper has investigated 
the question of the volume occupied by elements in the solid 
state in compounds and has discovered a law which he calls the 
law of solid volumes and which he enunciates as follows: In 
every solid compound, the volume in the solid state, i. e., the 
stere, of one of its elements determines, by means of the forces 
active during crystallization, the assumption, by all the other ele- 
ments, of the same solid volume or stere. In other words, one of 
the elements assimilates to itself all the others. The molecular 
volume of a compound in the solid state requires as many atoms 
as is necessary to make the volume of each element an entire 
multiple of the controlling stere. A solid molecule contains 
therefore only entire steres of each element contained in it. The 
solid molecule of zine contains Zn, and of zine oxide Zn,O,, 
because, both alone and in the oxide three zine atoms occupy the 
volume of five steres, the three oxygen atoms occupying the vol- 
ume of three. In a formula, Schréder indicates the number of 
steres of an element by an ordinary, and the number of atoms by 
a sub exponent. A stere-value is marked by a line over it and a 
volume calculated or observed, by a line beneath it. Thus silver 


for example, Ag} =2 X 5°14 =10'28; obs, vol.=10°28, means that 


an atom of silver or 108 grams takes a space of 10°28 cubic centi- 
meters ; i. e., twice 5°14 ¢. ¢., or two silver steres. For the chlo- 


ride, iodide and bromide of silver, he gives Ag?C13=5X5-14= 
25°70; obs. vol. 25-7. Ag} Br{ =6 X 5°14=30°84, the obs. vol. 


Ag? I$=8 X5:14=41°12, also the obs. vol. In all three, the con- 
trolling volume is the silver stere, silver entering as two steres, 
chlorine as three, bromine as four and iodine as six. The author 
has applied his law to a large number of chemical compounds and 
obtains some significant results.— Ber. Berl. Chem. Ges., xi, 1109, 
May, 1878. G. F. B. 

8. On Flame Temperatures.—Rosertt has continued his ex peri- 
ments upon the temperatures of flames and finds that although 
gas flames are much increased in volume by pressure, the corre- 
sponding zones show nearly the same temperatures, the difference 
being only 20° for a great variation of pressure. The maximum 
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temperature in a powerful Bunsen burner consuming to one vol- 
ume of gas 2°2 of air, was 1360°; becoming 1150° when the 
volumes of gas and air are equal. Using a Bunsen burner closed 
below, the maximum temperature observed with a mixture of gas 
and nitrogen was 1240°, when the proportions were 1 of gas to 
14 of N, and with carbon dioxide, 1190°, the proportions being as 
1 to 4. A stearin candle flame had a temperature of 940°, a 
Locatelli lamp of 920°, a petroleum lamp without a chimney 920°, 
in the luminous and 780° in the smoky portion, with a chimney 
1030°, an alcohol lamp 1170° with alcohol of *912 sp. gr. and 
1180° with alcohol of 0°822. Hence the correctness of diluting 
alcohol for burning.— Ber. Berl. Chem. Ges., xi, 809, April, 1878. 
G. F. B. 
4. On the Production of Ozone, Hydrogen peroxide and Per- 
sulphuric acid by Electrolysis.—The inferior volume of oxygen 
gas set free in the electrolysis of water acidulated with sulphuric 
acid, at first observed by Faraday, has been noticed by all physic- 
ists who have used the voltameter. BrrrHEetor has undertaken 
to measure this loss and to determine its cause. That it is not 
due to the production of hydrogen dioxide by the electrolytic 
ozone acting on the water, is shown by the fact that water and 
ozone do not combine together directly. Nor does the hypothesis 
that the oxygen splits into ozone and antozone during electrolysis 
fit the case, since the relation of the active oxygen existing as gas 
is to that existing in the liquid, so small, only a twentieth part. 
In one of Berthelot’s experiments, there was 2°2 mgrms. active 
oxygen in the gas collected and 44 mgrms. in the liquid. More- 
over, Meidinger has shown that when the sulphuric acid used 
had a density of 1°4, the amount of oxygen collected may fall to 
two-thirds of its theoretical value. In Berthelot’s experiment, 
12°2 «. c. hydrogen was collected in ten minutes, but only 3°6 c. ¢. 
of oxygen instead of 6°14, Since the oxidizing body found in 
the solution occurs only when this is acidulated with sulphuric 
acid, Berthelot concludes that it is really persulphurie acid; a 
view which its reactions confirm. Further, oxygen is gradually 
disengaged from the liquid, reaching in the course of a few hours, 
the theoretical quantity and even surpassing it. The bearing of 
these facts upon the use of sulphuric acid in a voltameter, is evi- 
dent.— Bull. Soc. Ch,, Ul, xxix, 348, Apr. 1878. G. F. B. 
5. On the Polyiodides—Jounson, who in 1876 discovered 
potassium triiodide, ordinarily represented as KI,, has experi- 
mented to ascertain whether the more probable formula is not 
K,I, analogous to HgI,, and whether one of the potassium atoms 
cannot be replaced by a univalent metal, or two atoms in two 
molecules K,I,, by a bivalent one. Silver iodide, potassium 
iodide and free iodine were dissolved in the proportion to form 
AgK,I,,-_ On slow evaporation, potassium silver iodide first 
separated in crystals, next crystals of potassium triiodide and 
lastly crystals having the formula AgK,I,,, KI. On repeating 
the preparation, using the proportions of this formula, only these 
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crystals separated, having five molecules crystal water. The 
attempt to produce a thallium compound like the silver one was 
not successful. With lead by adding to a hot saturated solution 
of sugar of lead in boiling alcohol, a strong alcoholic solution of 
potassium triiodide, the liquid deposited on cooling small well 
formed crystals, square prisms aggregated in clumps, strongly 
dichroic and permanent in the air. On analysis it gave the 
remarkable empirical formula Pb,C,,H,,0,,K,1,,. No rational 
formula for it has yet been obtained.—J/our. Ch. Soc., xxxili, 183, 
May, 1878. G. F. B. 

6. On Two new Cyanogen Products, Ponselion and Cyanone. 
—Tuompson has observed that when coal gas containing a large 
proportion of CS, is passed for some days through a solution of 
mercuric cyanide in potassium hydrate, a white precipitate is 
formed, which finally becomes of a beautiful scarlet. To prepare 
it directly mercuric oxide is boiled with potassium cyanide, adding 
potassium hydrate in excess, agitating with CS, and gently warm- 
ing. When washed and dried it resembles vermilion in color, but 
the tint is not as violet. It sublimes to a jet black mass on heat- 
ing, becoming scarlet again on pulverizing it. It has the empirical 
formula HgS,CH, and is attacked only by aqua regia and chlorine. 
Hydrogen sulphide does not affect its color. The author calls it 

onselion, from Pons dit, the old name of Newcastle-on-Tyne. 

he white precipitate, which is at first produced, when collected, 
washed and dried, isa gray white powder which explodes vio- 
lently when heated to about 400° F., depositing a substance like 
soot. It has not been analyzed but appears to be a mixture of 
two bodies, one containing sulphur the other cyanogen. To the 
latter the author gives the name cyanone. The mercury may be 
replaced by copper, forming an equally explosive body. The ex- 
plosions in brass or coppes gas pipes may be due to this copper 
compound produced by the CS, in the gas.—Ber. Berl. Chem. 
Ges., xi, 517; Jour. Chem. Soc., xxxiii, 404, May, 1878. G. F. B. 

7. On the Atomie Weight of Gallium.—Lxcog DE BotsBauDRAN 
has determined, at least approximately, the atomic weight of gal- 
lium by two different methods; i.e., by ignition of ammonio- 
— alum, and by calcination of the nitrate, prepared from a 

nown weight of the metal. The ammonio-gallium alum was 
prepared with the metal recently obtained by the author in con- 
junction with Jungfleish. By repeated crystallizations the last 
traces of zinc and of copper were eliminated. The alum was 
placed in a tared crucible of platinum and heated to bright red- 
ness, 3°1044 grams of alum gave 0°5885 gram of gallium oxide 
G,O, losing nothing on further heating. From these data the 
atomic weight is 70°032. For preparing the nitrate, a fragment 
of gallium was used which came from the previous quantity. No 
foreign bodies could be detected in it with the spectroscope. It 
was dissolved in nitric acid containing a little hydrochloric, evapo- 
rated, treated with nitric acid, again evaporated, and finally cal- 
cined at bright redness, 0°4481 gram of gallium gave 0°60345 of 


138 Scientific Intelligence. 


oxide, from which deducting the impurities in the materials gave 
0°6024 gram oxide corresponding to an atomic weight of 69°698. 
The mean of these two values is 69°865. This value is very near 
those deduced from the position of gallium in the chemical scale. 
That deduced from a classification of the elements based on their 
roperties and atomic weights is 69°82; that based on the wave 
engths of its lines is 69°36; and Mendelejeff’s classification gives 
it 68.— Bull. Soc. Ch., I, xxix, 385, May, 1878. G. F. B. 

8. On Hexoylene, prepured from Mannite.—By addition of 
bromine to hexylene prepared from mannite, and by treating the 
product so as to separate hydrogen bromide, a monobromhexylene 
results. Hecnr has now observed that by treating this substance 
with alcoholic potash in closed tubes for 12 hours at 160°-170°, it 
gives up all its bromine and is converted into hexoylene. On 
adding water to the distillate from several tubes, two portions 
separated. The first a yellow liquid which floated on the surface, 
was hexoylene; the second, which fell to the bottom as a yellow 
oil was undecomposed monobromhexylene, in amount about one- 
third of the quantity used. The hexoylene distilled between 80° 
and 83°, and is a colorless mobile liquid of a penetrating disagree- 
able odor. It is optically inactive, has a specific gravity of 0°7494 
at 0°, does not solidify in a freezing mixture and has the formula 
C,H,,. It is not attacked by hydrochloric acid, but is dissolved 
by strong nitric and sulphuric acids. It does not reduce ammoni- 
acal copper or silver solutions. Oxidized with chromic acid it 
yields acetic and butyric acids. Hence the author gives it the 
constitutional formula CH,—C=C—CH,—CH,—CH,. The di- 
and tetra-bromides are described.— Ber. Berl. Chem. Ges., xi, 
1050, May, 1878. G. F. B. 

9. On Phytosterin.—By extracting finely pulverized calabar 
beans at ordinary temperatures with petroleum ether, Hesse has 
succeeded in obtaining from them an oil, possessing their odor in 
a high degree, which on standing became filled with crystalline 
plates. These recrystallized from hot alcohol, are brilliant white 
in color and contain crystal-water. But from chloroform, ether 
or naphtha they separate anhydrous. It is not soluble in water 
or alkalies, fuses at 132° to 133°, and affords on analysis the for- 
mula C,,H,,0O. Hesse calls it phytosterin. It was first noticed 
apparently by Beneke in peas and erroneously called cholesterin. 
It is optically active and rotates to the lett, though less than 
cholesterin. Assuming that C,,H,,O is its correct formula, that of 
cholesterin being C,,H,,O, it would appear to be the next higher 
homologue of the latter. The author suggests that phytosterin 
as well as cholesterin may occur in the animal organism. The 
physiostigmin of Kennedy he regards as phytosterin.—Liebig’s 
Ann., excii, 175, May, 1878. G. F. B. 
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II. GEOLOGY AND MINERALOGY. 


1. On the Geological results of the Polar Expedition under 
Admiral Sir George Nares, F.R.8. ; by Captain H. W. Friiven, 
R.A., F.G.S.. and C. E. De Rance, Esq., F.G.S.—The authors 
describe the Laurentian gneiss that occupies so large a tract in 
Canada as extending into the Polar area, and alike underlying 
the older Paleozoic rocks of the Parry Archipelago, the Cretace- 
ous and Tertiary plant-bearing beds of Disco Island, and the 
Oolites and Lias of East Greenland and Spitzbergen. Newer 
than the Laurentian, but older than the fossiliferous rocks of 
Upper Silurian age, are the Cape-Rawson beds, forming the coast 
line between Scoresby Bay and Cape Cresswell, in lat. 82°40’; 
these strata are unfossiliferous slates and grit dipping at very 
high angles. 

From the fact that Sir John Richardson found these ancient 
rocks in the Hudson’s Bay territory to be directly overlain by 
limestones, containing corals of the Caeer Silurian Niagara and 
Onondaga group, Sir Roderick Murchison inferred that the Polar 
area was dry land during the whole of the interval of time occu- 
pied by the deposition of strata elsewhere between the Lauren- 
tian and the Upper Silurian; and the examination by Mr. Salter, 
Dr. Haughton and others, of the specimens brought from the 
Parry Islands have hitherto been considered to support this view. 
The specimens of rocks and fossils, more than 2,000 in number, 
brought by the late expedition from Grinnell and Hall Lands 
have made known to us, with absolute certainty, the occurrence 
of Lower Silurian species in rocks underlying the Upper Silurian ; 
and as several of these Lower Silurian forms have been noted from 
the Arctic Archipelago, there can be little doubt that the Lower 
Silurians are there present also. The extensive areas of dolomite 
of a creamy color discovered by M’Clintock around the magnetic 
pole, on the western side of Boothia, in King William’s Island, 
and in Prince of Wales Land, abounding in fossils, described by 
Dr. Haughton, probably represent the whole of the Silurian era 
and possibly a portion of the Devonian. 

The bases of the Silurians are seen in North Somerset, and 
consist of finely stratified red sandstone and slate, resting directly 
on the Laurentian gneiss, resembling that found at Cape Bunny 
and in the cliffs between Whale and Wolstenholme Sounds. 
Above these sandstones occur ferruginous limestones, with quartz 
grains, and still higher in the series the cream-colored limestones 
come in. The Silurians occupy Prince Albert Land, the central 
and western portion of North Devon, and the whole of Cornwallis 
Island. The Carboniferous Limestone was discovered, rising to a 
height of 2,000 feet, on the extreme north coast of Grinnell Land, 
in Feilden and Parry Peninsulas, and contains many species of 
fossils in common with the rocks of the same age in Spitzbergen 
and the Parry Archipelago, being probably continuously connected 
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with the limestone of that area, by way of the United States 
range of mountains. The coal-bearing beds that underlie the 
Carboniferous Limestones of Melville Island are absent in Grinnell 
Land, but they are represented by true marine Devonians, estab- 
lished in the Polar area for the first time through the determina- 
tion of the fossils by Mr. Etheridge. In America a vast area is 
covered by Cretaceous rocks. The lowest division, the Dakota 
group, contains lignite seams and numerous plant-remains indicat- 
ing a temperate flora; overlying the Cretaceous series are various 
Tertiary beds, each characterized by a special flora, the oldest 
containing a and tropical forms, such as various palms 
of Eocene type. In the overlying Miocene beds the character of 
the plants indicates a more temperate climate, and many of the 
species occur in the Miocene beds of Disco Island, in West Green- 
land, and a few of them in beds associated with the 30-feet coal 
seam discovered at Lady Franklin Sound by the late expedition. 
The warmer Eocene flora is entirely absent in the Arctic area, but 
the Dakota beds are represented by the “ Atane strata” of West 
Greenland, in which the leaves of dicotyledonous plants first 
appear. Beneath it, in Greenland, is an older series of Cretaceous 
plant-bearing beds, indicating a somewhat warmer climate, re- 
sembling that experienced in Egypt and the Canary Islands at 
the present time. In the later Miocene beds of Greenland, Spitz- 
bergen, and the newly discovered beds of Lady Franklin Sound, 
the plants belong to climatal conditions 80° warmer than at 
present, the most northern localities marking the coldest condi- 
tions. The common fir (Pinws abies) was discovered in the Grin- 
nell Land Miocene, as well as the birch, poplar and other trees, 
which doubtless extended across the polar area to Spitzbergen, 
where they also occur. 

At the present time the coasts of Grinnell Land and Greenland 
are steadily rising irom the sea, beds of glacio-marine origin, with 
shells of the same species as are now living in Kennedy Channel, 
extending up the hillsides and valley slopes to a height of 1,000 
feet, and reaching a thickness of from 200 to 400 feet. These de- 
~ which have much in common with the “ bowlder-clays” of 

nglish geologists, are formed by the deposition of mud and sand 
carried down by summer torrents and discharged into fiords and 
arms of the sea, covered with stone and gravel-laden floes, which, 
melted by the heated and turbid waters, precipitate their freight 
on the mud below. As the land steadily rises these mud-beds are 
elevated above the sea. The coast is fringed with the ice-foot, 
forming a flat terrace 50 to 100 yards in breadth, stretching from 
the base of the cliffs to the sea-margin. The wall of ice is not 
made up of frozen sea-water, but of the accumulated autumn 
snowfall, which, drifting to the beach, is converted into ice where 
it meets the sea-water which splashes over it.— Proc. Geol. Soc., 
London, April, 1878. 

2. On the Paleontological results of the recent Polar Expedi- 
tion under Sir George Nares, K.C.B., F.R.S. ; by Captain H. W. 
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Feitpen, R.A., F.G.S., and Roserr Erseriper, Esq., F.R.S., 
F.G.S.—In this communication the authors brought before the 
Society the paleontological results and details of the collection 
made by the naturalists and other officers of the late expedition 
to the Arctic Circle under Admiral Sir G. Nares. The purpose 
of the paper was to record the presence of Silurian and Carbonif- 
erous fossils in the highest latitude yet reached, 82° 45’ N. Of 
the former group 60 species have been determined, ranging from 
the Lower to the Upper Silurian, both Llandeilo and Wenlock 
types being present and numerous, notably in the class Heteropoda, 
two species of the genus Muclurea and Bellerophon, with Stropho- 
donta and Raphistoma, &c., also the genus Receptaculites. Upper 
Silurian species of Actinozoa belonging to Halysites, Fuvosites, 
Heliolites, Favistella, Zaphrentis, Amplexus, Cyathophyllum, and 
Arachnophyllum were noticed, and correlated with British forms 
when possible; but, on the whole, the facies of the Celenterata 
is American rather than European. Among the Crustacea five 
enera were noticed—Bronteus, Calymene, Encrinurus, and 
oétus, all Upper Silurian; and the genus Asaphus, associated 
with Maclurea, of Lower Silurian age. Ten species of Brachiopo- 
da belonging to the genera Pentamerus, Rhynchonella, Chonetes, 
Atrypa, Strophomenu have been determined. 

Collections were made {rom twenty localities, ranging from lat. 
79° 34' to 82° 4u' N., notably the highest at Cape Joseph Henry, 
where Captain Feilden obtained a numerous Carboniferous-lime- 
stone fauna, numbering about thirty species, chiefly brachiopoda 
and Polyzoa, all determined species, and American in character 
rather than British. Mr. Etheridge believed he had determined, 
through certain forms of Brachiopoda, the presence in a ravine at 
Dana Bay of the Devonian rock below the Carboniferous Lime- 
stone south of Cape Joseph Henry and Feilden Isthmus, the want 
of plant-remains preventing any correlation with the Ursa stage 
of Heer. It cannot now be doubted that an extensive Silurian 
fauna extends to, and is present, from lat. 79° to lat. 82° N., illus- 
trating both the lower and upper divisions of this group of rocks, 
especially the equivalents of our Wenlock series. Again, north 
of these there sets in a clearly defined Carboniferous-limestone 
fauna, reaching the extremity of the highest latitude we know, 
and probably striking away beneath the Polar sea to Spitzbergen, 
where the same species have been described by Toula. The 
authors, through certain fossils, then endeavored to show that on 
the whole the facies of the Polar Paleozoic fauna was more nearly 
allied to that of America than to that of Europe, and thus must 
be correlated with it, although it was shown that a large number 
of species are common to the two areas, especially the British 
Islands. The absence of Lamellibranchiata in rocks older than 
the Tertiary was noticed as having special interest in the physical 
history of the Polar seas in Paleozoic and Mesozoic times. None 
have ever been detected in these rocks, The suthors stated that 
they had sought also for evidence of Trias and Permian fossils in 
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this and other collections made, but there appeared to be none. 
They also discussed the question of the deposition and extension 
of the Lias as represented at Eglinton Island and Spitzbergen. 
—Ibid. 

8. Geological Survey of Pennsylvania. Report of Progress in 
the Beaver River District of the Bituminous Coal-fields of West- 
ern Pennsylvania, by I. C. Wutre. 338 pp., 8vo. Harrisburg, 
1878.—The bituminous coal-fields of the district here reported 
upon are carefully described, their coal-beds, stratification, fire- 
clays, oil-sands and oil-wells, and other points of geological 
interest, and illustrated by three geological maps of parts of 
Beaver, Butler and Allegheny Counties, aud twenty-one plates of 
vertical sections. Mr. White also describes the surface features 
of the region, including the river valleys, the drift, and the height 
and constitution of the terraces. Along the Ohio and Big Beaver 
the terraces are continuous and have the following heights above 
the river: 1st (lowest being the present flood-plain of the river) 
30 to 40 feet; 2d, 60 to 80; 3d, 120 to 130; 4th, 200 to 220; Sth, 
280 to 300 feet. The 2d and 3d are wide and consist in part of 
coarse gravel and cobble stones. The 4th, on the Big Beaver, 
has at top a deposit of yellowish white unctuous clay. The fifth 
is seen a few miles below Pittsburgh, and is gravelly near its top. 

At New Brighton, the terraces have the following heights 
above the Big Beaver: 1st, 30 feet; 2d, 80; 3d, 125; 4th, 215 
feet. The 2d is a mass of rounded stones, and so also the 3d. 
The 4th extends up the Beaver for a long distance and is covered 
throughout with the creamy clay seen at New Brighton. The 
clay yielded on analysis by Professor Wuth, Silica 51°34, alumina 
33°50, iron oxide 0°78, magnesia 0°70, lime 1°85, alkalies 1°11, 
water 9°80. The clay is stated to be evidently a lake deposit, 
and probably marks the limit to which the valleys of the Beaver 
and Ohio were filled with silt during the Champlain Period. 

Under the head of buried river channels, Mr. White observes 
that the bed of bowlders and detritus over which the Ohio flows 
below the mouth of the Big Beaver has a great depth; that the 
Ohio must once have flowed certainly 100 feet below its present 
level, and possibly over 200 feet. He shows that the Beaver 
Creek for several miles above its mouth does not flow in its old 
channel ; and that this old channel was more than 100 feet deeper 
than its present bed, an iron rod having been driven down to this 
depth without reaching rock; and probably it is 200 feet below, 
since, as stated by Dr. Newberry, the oil-wells bored at the junc- 
tion of the Mahoning and Shenango, found no rock for 150 feet 
below their present beds. 

The volume commences with a Preface of much interest by 
Professor Lesley, the director of the survey—the chapter to 
which he alludes in his communication published on page 68 of 
this volume. It contains also a description, by Lesquereux, of a 
Fungus found on a Sigillaria in a bed of cannel coal, in Beaver 
County, Pennsylvania; he names it Rhizomorphu Sigillarie. 


i 
¢ 
a 
] 


Geology and Mineralogy. 143 


4. Eruptive copper-bearing rocks of Lake Superior.—Mr. 
RaPHaEL Pumpenty has an elaborate memoir in volume xiii of 
the Proceedings of the American Academy of Boston, on “ the 
metasomatic development of the copper-bearing rocks of Lake 
Superior.” These rocks are described as heavy (sp. gr. 2°8—3 05), 
dark brownish black, augitic rocks, without hornblende in any ot 
the varieties, but often chrysolitic. The triclinic feldspar is for 
the most part labradorite or anorthite, so that the chemical com- 
position is to this extent essentially that of doleryte or a diabase, 
or a chrysolitic variety of these basic rocks. They are generally 
more or less altered and consequently chloritic; and they are fre- 
quently amygdaloidal--a very common fact with altered or 
chloritic eruptive rocks. Titanic iron or magnetite and apatite 
are also among the constituents, 

Mr. Pumpelly has sought to determine with the aid of the 
microscope and by optical methods, the order ef succession in the 

roduction of the constituent minerals of the rocks, and particu- 
arly of the minerals made through the alteration of the original 
minerals. In this study he has worked with great care, and has 
reached many interesting results. Not only have several varieties 
of the eruptive rocks been investigated microscopically, but also 
the condition of the rock in the vicinity of veins and cavities; the 
relations of each result of alterations, through various stages, to 
the mineral from which it sprung and the further successive 
changes that have taken place; and thereby he has illustrated in 
different ways the subjects of pseudomorphism as well as the 
paragenetic relations of the minerals. Among pseudomorphs 
after the feldspar of the rock he finds besides those of chlorite, 
also others of prehnite, analcite, quartz and calcite. He mentions 
also, the occurrence of orthoclase, epidote, chlorite, quartz and 
calcite as pseudomorphs after prehnite. Among the results of 
alteration of augite, there are besides chlorite of two or more 
kinds, hematite, magnetite, calcite, quartz, native copper; and 
among those of chrysolite, hydrous iron oxide, a green serpentine- 
like mineral, and hematite. 

The following are some of the cases mentioned of the order of 
succession in the products of alteration of the feldspar: 

(1.) Prehnite, chlorite, orthoclase, epidote, quartz. 

(2.) Prehnite, chlorite, epidote, quartz, native copper. 

(3.) Prehnite, epidote, calcite, quartz. 

(4.) Prehnite, chlorite, orthoclase—orthoclase being a product 
after prebnite. 

In the filling of amygdaloidal cavities there have been formed 
in succession, as pseudomorphs after prehnite, chlorite, calcite, 
green-earth ; in other cases, epidote and calcite. 

Mr. Pumpelly’s memoir is without plates. But his clear 
descriptions mae them almost unnecessary to one who is at 
all familiar with the illustrations in the more recent works on 
lithology. 
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The name adopted by Mr. Pumpelly for the principal part of the 
eruptive rocks is melaphyre—as defined in the recent work on 
lithology of Rosenbusch, The name has had almost as many uses 
as there are writers that have used it, and it would be better 
if it were banished altogether from science. By optical means, 
the occurrence of oligoclase and albite, as constituents of some 
varieties of the “ melaphyre” is inferred, and also the presence of 
some orthoclase. But this application of DesCloizeaux’s method 
of distinguishing the feldspars to the examination of thin slices 
of such rocks is acknowledged by the author to give doubtful 
results; in fact, it is of almost no value. The memoir makes 
little use of chemistry in the determination of the constituent 
minerals. 

5. Discovery of Rock Salt at Wyoming in Western New York. 
--In a communication from Mr. James Macrarztan to the 
Syracuse Journal, on the 29th of last June, the very important 
discovery is announced of a bed of rock salt in the Onondaga 
salt group, New York, (middle of the Upper Silurian). The 
locality is thirty-seven miles south of Rochester, on the Rochester 
and State-line Railroad. The boring passed first through 660 
teet of shales of the Genesee, Hamilton and Marcellus groups; 
then 110 feet of hard rock, reported as sandstone or limestone; 
then 80 feet of hard limestone, when salt water appeared ; below 
this, 380 feet of “ hard and soft rock, limestone and shale” belong- 
ing to the Corniferous limestone of the Upper Helderberg and the 

ater-lime, and to the limestones and shales of the upper part of 
the Onondags salt-group; next, 1,240 feet down, a layer of soft 
shales 20 or 30 feet thick was passed through, and then, at a 
depth of 1,279 feet, the bed of rock salt was struck. It hada 
thickness of 70 feet; of this, 40 or 50 feet consisted of pure salt, 
and the rest was more or less mixed with earth; but whether the 
earthy impurities were owing to the existence of layers of shale, 
or to fragments of rock carried in by the boring is not ascertained. 
The boring was continued to a depth of 1,530 feet, through adja- 
cent red shales and red sandstones of the salt group, and the 
Niagara limestone was reached at 1,562 feet. Dr. Engelhardt, 
the chemist of the Syracuse salt companies, has visited W yoming 
and taken specimens of the rock salt for analysis. It is now pro- 

osed to bore on the south side of the Syracuse valley, since there 
is a prospect of striking the same bed; it would be necessary to 
carry the boring down only a few hundred feet to settle the ques- 
tion. Success would substitute a mine of rock salt of indefinite 
extent for weak brines. 

6. Description of the Wilcox Spouting Water- Well ; by Cuas. 
A. Asupurner, M.S., Assistant Geol]. Survey, Penn.—The Wilcox 
Spouting Water-Well for the last nine months has attracted con- 
siderable attention, from the immense columns of water and gas 
which are periodically (every seven minutes) thrown up into air 
tu a height of from 85 to 115 feet. The well is located in the 
valley of West Clarion Creek, just north of the southern boundary 
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of McKean County, Pennsylvania, and five miles north of Wilcox, 
a station on the Philadelphia and Erie Railroad 104 miles east of 
the City of Erie. . 

The history of the well may be briefly stated as follows: 

The Wilcox Well No. 1, or the old Adams Well, was drilled in 
1864 (?) to a depth of 1618 feet and afterward continued to a 
depth of 1,785 feet,* where the tools which still remain in the 
hole, were lost. 

The elevation of the top of the conductor above the railroad 
bridge at Wilcox is 120 feet or 1,629 feet above the mean level 
of the Atlantic Ocean.t 

The well was drilled “ wet,” that is, no effort was made to keep 
the water encountered in the upper part of the hole from following 
the drill. Great difficulty was experienced in drilling on account 
of a heavy water vein which was struck at 60 feet depth. This 
was more particularly the case after the gas veins at 1200 and 1600 
feet respectively were met. The water would flow into the hole on 
top of the gas which it would confine until the pressure of the 
latter become so great that a huge column of the water would be 
thrown out of the hole to the annoyance of the drillers. This 
occurred periodically. 

After the tools were lost the upper 400 feet of the well was 
cased with a four inch casing having a water packer or seed bag 
attached to its lower end, effectually excluding the water and 
rendering the hole practically dry.{ 

The well was then tubed and it is reported that as much as 
100 barrels of oil were pumped and shipped to market; but on 
account of the great expense of procuring the petroleum, the hole 
was finally abandoned and the gas allowed free escape into the 
open air. The gas was afterward fired and the derrick burned. 
Three or four years ago a wooden plug was inserted into the 
casing, which only permitted a partial escape of the gas. 

About the beginning of the year 1876, when Well No, 2 was 
started 900 feet distant, a pipe connection was made with Well No. 
1, and the gas used as fuel in drilling Well No. 2. The surplus gas 
was conveyed through a U-shaped tube and discharged over a 
water tank, the water being splashed by the gas over the orifice 
of the pipe. ‘The pressure of the gas being thus suddenly relieved 
a ring ot ice an inch thick was formed, which remained under the 
warmest sun, The ice in this case was produced naturally on the 
same principle that governs the operation of the Kirk freezing 
machine. 

From the time the gas was first struck hy the drill up to the 
latter part of 1876, it seemed to have, according to Mr. Schultz, a 
constant flow, but as no measurement was made of its pressure it 
is probable that it gradually diminished. 

* Authority, Mr. M. M. Schultz, of Wilcox. 

+The elevation of Wilcox being 1,509 feet according to railroad levels made 
subsequent to 1862. 

¢ For a complete record of the Well, see a paper by Prof. Lesley, in the Pro- 
ceedings of the American Philosophical Society, vol. x, page 238; also one in 
the Petroleum Monthly of a later date. 
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A little oil being found in Well No. 2, an inch pipe was inserted 
at the depth of 2,000 feet (the well being 2,004 deep), and it was 
proposed to utilize the pressure of the gas to force the oil out of 
the tubing. The resistance offered to the flow of the gas was so 

reat that after a few hours the gas ceased to flow entirely from 

oth wells, Nos. 1 and 2. After thirty-six hours of inactivity it 
commenced flowing again with greater energy. In the early part 
of January, 1877, the pressure of the gas seemed to increase sud- 
denly ; but not finding a free passage from Well No. 1, on account 
of the wooden plug which had been inserted into the casing and 
which the gas was unable to blow out, the casing was broken at a 
depth of 175 feet, and the upper portion lifted bodily out of the 
well. As soon as this occurred the conditions which had existed 
during the process of drilling were restored, and a column of 
water was thrown out of the hole every eight minutes to a height 
of from 80 to 90 feet, and lasting from three to five minutes. 
This continued until about the middle of May, when the gas from 
both wells ceased to flow without any obstruction having been 
knowingly placed in its way. 

On the 14th of July, at 1 a. mw, the gas made its appearance 
again and began to throw the water with great energy to a height 
ranging from 85 to 115 feet; also with a smaller column from 
three to eight feet high in the intervals between the larger ones ; 
the phenomenon recurring every seven minutes. 

During the time that the water columns are thrown out of the 
well the gas is thoroughly mixed up with the water and is readil 
ignited. The sight during the flow of the larger column is vend, 

articularly at night. The water and fire are so promiscuously 
blended that the two elements seem to be fighting for the mas- 


tery. 

On July 19th, I closely watched the well for two hours, from 
1.19 to 3.22 Pp. M., and carefully recorded the time of each change 
in the condition of the water and gas as they spouted from it, 
noting the number of pulsations in the larger column, and deter- 
mining its maximum height by triangulation. 

By an inspection of the intervals between the recurring pheno- 
mena, it is at once seen that there is a marked regularity in the 
action of the well; in fact, the slight irregularities observed may 
in a measure be attributed to the personal equation of the ob- 
server. In the time included from 10.39 a. mM. to 3.153 P. M., there 
were counted 39 of the larger water columns, making the average 
time between the commencement of each column 6 minutes and 
55 seconds. 

Occupying every consecutive 7 + minutes we have the follow- 
ing sequence of events. 

The water from the “water vein” at the depth of 60 feet, and 
from the pool surrounding the top of the conductor flows into the 
well for 55 seconds, during which time no gas is detected issuing 
from the hole.’ At the end of this time the water from the pool 
ceases to run in, and the gas rises bubble by bubble for 5 seconds. 
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A column of water and gas now commences rising, makes 6 pulsa- 
tions, attains a maximum height of 115 feet in 40 seconds, and 
vanishes in one minute. The water from the pool and water vein 
immediately flows into the well for the second time, continuing 
for 1 minute and 30 seconds, during which time no gas flows out. 
At the end of this time the gas rises bubble by bubble for 40 
seconds, when the smaller column of water and gas rises, attain- 
ing a maximum height of 5 feet in 10 seconds and vanishes in 1 
minute and 10 seconds. The gas still continues to rise but no 
water flows into the well from the pool for 35 seconds, when the 
same series of phenomena repeat themselves. Such are the facts. 

The explanation of the action may be readily imagined. The 
pressure of the gas having relieved itself in throwing out of the 
well the larger column, the water flows into the hole until the 
pressure of the gas becomes so great again that instead of rising 
up in small bubbles through the water it rushes out of the well, 
throwing the water at the same time to a height of from 3 to 8 
feet. After the column has vanished the gas continues to rise in 
great quantities, keeping the water from flowing in from the pool, 
until the pressure is exhausted. The water now flows into the 
well till the pressure of thé gas in its reservoir has increased to 
such an extent that it thrusts out of the hole the larger column of 
water to a height of from 85 to 115 feet. 

The smaller column of water is probably produced by the gas 
coming from the smaller vein at 1200 feet depth, while the larger 
column is thrown up by the gas coming from the greater vein at 
a depth of 1600 feet. But, of course, neither the one nor the 
other column is produced by either of the gas veins exclusively, 
for the gas must be flowing from both horizons more or less all 
the time. It will be noticed that more water flows into the hole 
directly after the larger column has been thrown up, and that the 
smaller column throws up less water, and vice versa. 

It was not possible to obtain the pressure or amount of gas 
coming from the well. The estimated pressure at the time that 175 
feet of casing was blown from the well was about 250 pounds to 
the square inch. It is possible that the accumulated pressure at 
the time that the larger water columns are thrown up may be as 
high as 250 pounds; but the constant pressure of the gas if unob- 
structed by the water would probably not be more than 50 

ounds. 
, The action of the Wilcox well is nothing novel, but the observa- 
tions are interesting and valuable from the fact that a complete 
record and history of the well have been preserved, and the 
accompanying facts add much to what has been recorded of 
similar wells. 

7. Superficial Geology of British Columbia.—Mr. Grorcr M. 
Dawson has an interesting paper on this subject in the Quarterly 
Journal of the Geological Society for February, 1878. He speaks 
of Bute Inlet, one of the fiords, as a chasm 40 miles long, running 
into the center of the Coast Range, and surrounded by mountains, 
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which in some places rise from its border in cliffs and rocky slopes 
to a height of six to eight thousand feet. The islands about its 
mouth are roches moutonnées, polished and grooved; and one of 
them, a steep mountain 3,013 feet high, is smoothed to the sum- 
mit on the north side, while rough to the south. The striation of 
the Bute inlet region is 8, 22° E., or in the direction of the valley. 
The glaciation over southeastern Vancouver Island is attributed 
to a great glacier which swept over it from north to south, a gla- 
cier that tilled the Strait of Georgia, with a breadth in some 
places of more than 50 miles, The fiords of the northern part of 
the Strait of Georgia, and to the north, show ice-action to a height 
exceeding 3,000 feet. In the interior, scratches were observed on 
the isolated Tsa-whuz Mountain (lat. 53° 40’), 3,240 feet above the 
sea, whose course was a little west of south. At another place, 
on the basaltic plateau near Fraser Valley, and 20 miles north of 
the Chilcotin River, 3,350 feet above the sea, the direction of the 
_ scratches was about north-and-south. On Sinter Knoll, north of 
Gatcho Lake, near the southeastern sources of the Nechaco River, 
3,550 feet above the sea, the direction of the grooving was about 
S. 8° E. South of the Salmon or Dean River, at an altitude of 
3,700 feet, the grooving runs 8. 37° W. These glacial markings 
from north to south are attributed by Mr. Dawson toa glacier 
moving southward. ‘Terraces in British Columbia extend from 
the sea-level to a height of 5,270 feet. 

8. Geological Survey of Canuda. Report for 1876-1877, 
Atrrep R. C. Sztwyn, Director. 532 pp. 8vo, with several 
colored maps. 1878.—This volume contains reports by Mr. 
Setwyy, G. M. Dawson, J. F. Wuireaves, James Ricuarpson, 
T. Srerry IHlunt, Rosert Bett, Henry G. Vennor, G. F. 
Matruew, L. W. Battey and R. W. Huen FiLercuer, 8, 
H. Scupper, B. J. Harrineron, and C. HorrMann. 

Carefully selected graphite from different localities in Bucking- 
ham, Canada, afforded Mr. Hoffmann, Carbon 99°675, 97°626, ash 
0°147, 1°780, volatile matter 0°178, 0°594; and that from Gren- 
ville, Carbon 99°815, 99°757, ash 0°076, 0°135, vol. 0109, 0°108= 
100. Ceylon graphite afforded him, Carbon 99-792, 98°817, ash 
0050, 0°283, volatile matter 0°158, 9°900=100. The ash of the 
Canadian graphite gave, on analysis, 45 to 60 p. c., of silica 8°5 to 
:1 of alumina, iron sesquioxide 1°230-18°310, manganese sesqui- 
oxide 0 to 0°5, with some lime and magnesia, 4 to 7 per cent of 
potash and soda and traces of copper, nickel and cobalt. 

Rensselaerite has been found by Mr. Vennor in the Laurentian 
rocks of Portage du Fort. An analysis by Mr. Harrington 
obtained SiO, 61°33, FeO 0°67, MgO 31°78, CaO trace, water 
(ign.) 5°85=99°63. Messrs. Bailey and Ells describe with detail 
the albertite veins and shales of Hillsboro, New Brunswick. 
They remark that the gypsum beds of Hillsboro have a thick- 
ness of 150 feet, and that much of the rock is a pure white 
alabaster. They are the most extensive and valuable of the plas- 
ter deposits of New Brunswick. 
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The coal-bearing rocks of British Columbia, according to Mr. 
G. M. Dawson are: 1, Lower Cretaceous (or Cretaceo-Jurassic) on 
Queen Charlotte Islands, etc., holding anthracite; 2, Cretaceous 
on Vancouver Island, with bituminous coal; and 3, Tertiary, 
affording bituminous coal and lignite. The anthracite yielded, on 
analysis by Dr. Harrington, Fixed Carbon 85°76, 83-09, volatile 
combustible matter 4°77, 5°U2, sulphur 0°89, 1°53, ash 6°69, 8°76= 
100. The Vancouver Island coals afford, on an average, Fixed 
Carbon 64°05, 59°55, vol. 28°19, 32°69, ash 6°29, water 1°47. Trials 
under the direction of the United States War Department showed 
that the ratio of coal in weight required to produce the same heat 
from the Vancouver Island, Bellingham Bay, Seattle coal of 
Washington territory and Rocky Mountain coal was as 18: 22: 
24: 25. 

The Tertiary coals include those of Bellingham Bay, and 
Seattle on Puget Sound. North of the 49th parallel they under- 
lie nearly 1,000 square miles of the low country about the estuary 
of the Fraser and the lower oe of its valley. These coal forma- 
tions cover great tracts in the interior of British Columbia; and 
the basaltic outflows of the region form the latest rocks of the 
lignite-bearing Tertiary. By a rough estimate the number of 
square miles the formation covers between the 49th and 54th 
parallels is not less than 12,000. The Quesnel lignitic beds are 
interesting on account of the plant and insect remains found in 
them. Some of the insects are described by Mr. Scudder. Mr. 
Dawson mentions that magnetic iron ore constitutes a bed 20 to 
25 feet thick on Texada Island, and has been traced northeast for 
more than three miles. It rests against a bed of crystalline lime- 
stone and partly alternates with it. 

9. Fossil Fishes from the Trias of New Jersey and Connecti- 
cut.—Dr. J. 8. Newserry has described (Annals N. Y. Acad., 
vol, i, no. 4, 1878) the following Triassic fishes: Diplurus longi- 
caudautus Newb., Ptycholepis Marshii Newb., the former from 
Boontown, N. J., and the latter from Durham, Conn. As Ptycho- 
lepis is in Europe a Liassic genus, its occurrence here, as Dr, 
Newberry states, suggests a query as to the age of the Eastern 
American Trias. But he observes that other facts show that it 
does not seriously invalidate the evidence that they are Triassic, 
though possibly Jurassic in the upper beds. The species is more 
heterocercal than the European. 

10, Stromatopora.—At the meeting of the Geological Societ 
of June 5, 1878, a paper by Dr. Dawson of Montreal was read, 
in which he explained his views as to the Foramineral nature of 
the Stromatoporide—species of which occur in the Lower and 
Upper Silurian and Devonian, “and are especially abundant in 
the Trenton, the Niagara and the Carboniferous formations,” 
Professor Duncan remarked, in the discussion which followed, that 
he believed that different forms were called Stromatopora; that 
the tubules in the laminz of some of them had much resemblance 
to those of Millepora; that they showed no nummuline layer, like 

Am. Jour. VoL. XVI, No. 92.—Aveust, 1878, 
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Eozoon, and so he doubted the Foraminiferal character. Dr, 
Murie stated that some specimens which he had seen resembled 
the Hexactinellide and he thought they represented sponges, 
though not exactly Hexactinellids. 

Mr. H. J. Carter, in the Annals and Magazine of Natual History 
for July, states that he has found the hexactinellid structure in 
the Devonian Stromatopora concentrica. To observe it, the plane 
of section must be “tangential to the curve of undulation in the 
layers of the Stromatopora, or horizontal to its summit.” He 
adds, “It must not be inferred because I have considered this 
hexactinellid structure ‘identical in appearance’ with that of Zittel’s 
order Dictyonina” (see a former paper in the Annals, 1877, xx, 
416) “that elementarily it is so; for in this consists the difference 
between the hexactenellid structure of Stromatopora concentrica 
and its varieties and that of the vitreous sponges with octahedral 
elements (ibid., xix, pl. 9, f. 11,12).” “The pores (? calicles) are in 
the interstices of the hexactinellid structure; but I cannot say 
more about them than that by their minuteness in S. concentrica 
they appear to have belonged toa Hydroid rather than to an 
Actinozoic polyp.” 

11. On the Section of the Alps, from the valley of Vedro on the 
south to that of the Rhone on the north along the course of the 
tunnel of the Simpion ; by M. Renevier.—The rocks encoun- 
tered, going northward, are: (1) gneiss partly granitoid, havin 
indications in its bedding of a low anticlinal; (2) conformable 
“erystalline schists,” including mica schist, which is partly gar- 
netiferous, chloritic or taleose [? hydromica], gneiss, hornblende 
slate, with three parallel calcareous bands; (3) the dolomitic band 
of Gautier; (4) gray shining schists or slates, which are traversed 
by numerous veins or seams of quartz. ‘hese slates have the 
same steep northwest dip with the dolomitic band; but between 
the dolomitic hand and the crystalline schists there is, according 
to Renevier, a nearly vertical fault. On the opposite side of the 
valley of the Gautier the dip is reversed or southeast, and very 
steep. Following the slates, there are (5) the gypsum and dolo- 
mite of the Rhone valley. Nos. 1 and 2 are regarded as the 
older metamorphic rocks, with probably two or more folds in the 
region of the “crystalline schists.” The gray shining slates 
toward the north end of the tunnel are without fossils, but are 
stated to be probably Triassic, or Triassic with Jurassic beds 
above. They closely resemble those of Mt. Cenis.—Budll. Soc. 
Vaudoise der Sci. Nat., xv, No. 79. Lausanne, 1878. 

12. Revue de Géologie pour les Années 1875 and 1876; by M. 
DevessE and M. pz LappaREnNT. xiv, 228 pp. 8vo. Paris, 1878. 
—This new volume of Delesse and DeLapparent’s Annual Review 
of Geology, like its predecessors, is a very convenient résumé of 
the principal memoirs on geological subjects for the year. The 
following facts are cited from it. 

The mean height of Europe-—According to a recent estimate 
from the heights of the surface over Europe by Dr. G. Leipoldt 
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of Vienna the mean height of the Continent is 296°838 meters, 
instead of 205 meters as made by Humboldt. The mean heights 
of the several countries are also given in the “ Revue de Géologie.” 

Temperature of the Earth’s crust.--According to M. Ludovic 
Ville, a deep boring in Algeria, west of Sebkha d’Oran, the 
temperature of 49°-7 C. was reached at a depth of 578 meters, 
making the mean increase downward 1° for 7°56 meters. The 
waters in the boring are very saline. In the Sahara, according to 
the borings, the increase downward does not increase regularly 
with the depth; the mean is a temperature of 24° C, at a depth of 
60 meters. In Hodna, the temperature is only 22°2° at a depth of 
93°8 meters. The region is of much greater altitude than the 
Sahara, and it isin higher latitude. The mean increase at this 
place, according to M. Ville, was 1° C. for 23 meters of descent. In 
the Sahara toward the latitude of Oued Rhir, the increase down- 
ward is about 1° for 17°55 meters; showing a diminution toward 
the south, or with the latitude. 

Liffect of moisture or dryness in rocks on the facility of 
crushing. —M. Tournaire, Mining Engineer and M. Michelot have 
experimented on chalk, dried in a stove (d), wet (¢), and air-dried 
(x) and found that cubes 3 decimeters each way, were crushed, as 
follows:—when stove-dried it was crushed under 80-92°5 kilo- 
grams (mean 86°2); when air-dried, 16°5 to 35 (mean 23°5); when 
wet, 13°9 to 26 (mean 18°6). M. Delesse gives also the results of 
various experiments of his own on chalk and the Calcaire 
Grossier in which he used cubes 5 centimeters each way. Chalk 
of Issy, when stove dried, was crushed with 36°4 kilograms; when 
air-dried, 23°6; when wet, 12°9; and the Calcaire Grossier of 
Vitry (a) and St. Denis (6) gave the numbers (a) 76, (6) 48°7; (a) 
52°8, (b) 31°2; (a) 26°9, (b) 21°8. The results of various other 
trials with the Calcaire Grossier are given, all confirming the 
general result here exhibited. : 

13. Mémoires sur les Terrains Crétacés et Tertiares, préparé 
par feu Axpr& Dumont, edités par Micurt Movrton, Conserva- 
teur au Musée Royale 4 Histoire Naturelle. Tome 1. Zerrains 
Crétacés, 556 pp. 8vo. Brussels, 1878.—The late M. Dumont, 
the distinguished Belgian geologist, prepared in 1849 a geological 
map of Belgium. He died in 1857, hardly forty-eight years old, 
leaving his Reports illustrating the subject in part still in manu- 
script, and other unfinished work. The Belgian government has 
recently ordered a new edition of the map, and also the publica- 
tion of his manuscripts on the Tertiary and Cretaceous formations. 
Of these, the volume on the Cretaceous formations has just been 
issued. It isa very valuable contribution to European geology. 

14, Sigillaria lepidodendrifotia Brgt.—Mr. H. L. 
in a paper published in the Annals of the New York Academy of 
Sciences (vol. i, no. 5), gives reasons for believing that the Srgil- 
laria rhomboidea (with 8S. obliqua), S. Brardii, 8S. Menardi, 8. 
Serlii, and S. Defrancii of Brongniart and S. sculpta of Lesque- 
reux, are identical species with &. lepidodendrifolia, and adds that 
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S. stellata Lsqx. and S, spinulosa Germ. may turn out to be the 
same. 

15. Flora Fossilis Helvetie and Flora Fossilis Arctica of 
Oswatp Heer, Professor of the University of Zurich.—-The third 
part of Professor Heer’s Flora Fossilis Helvetiz has appeared, 
completing it. This work, which contains 70 plates, is a supple- 
ment to Heer’s Flora Tertiaria Helvetia, a work in three volumes 
with 156 plates. The publishers, J. Wurster & Co., Zurich, have 
issued also four volumes of the Flora Fossilis Arctica, and the 
fifth is now in the press. The first four volumes of this work con- 
tain 214 plates, and the fifth, 44. 

16. Mineralogy and Lithology of New Hampshire; by GrorcE 
W. Hawes, Instructor in Mineralogy in the Sheffield Scientific 
School of Yale College. Part IV, of the third volume of the 
Geology of New Hampshire, 262 pp. roy. 8vo, with 12 plates. 
Concord, N. H., 1878.—No part of the publications of the New 
Hampshire Geological Survey has greater value than this 
Report by Mr. Hawes on the mineralogy and lithology of the 
State. The author, besides giving descriptions of pricsnen. Sean 
ters and notices of distribution, and of economic uses, in the 
ordinary style, includes the results of extended microscopic exam- 
inations of both minerals and rocks; and many of the most inter- 
esting points are illustrated on plates, some of them in colors. 
The report is therefore an important contribution to the science 
of lithology. The are some peculiarities in the nomenclature of 
the rocks; but these do not seriously interfere with the value of 
the original work. In addition, the author has added, in an 
introduction to the volume, full details as to the process of slicing 
minerals or rocks, and explained the method of making micro- 
scopic and polariscopic observations on crystals of the several sys- 
tems. Besides this, he has introduced much information with re- 
gard to the distinctions by the same means of the more common 
minerals. The chromo-lithographic and other plates are beauti- 
fully made by E. Crisand of New Haven, Ct., from excellent 
drawings 4 the author, and compare well with the best of 
foreign work of the kind. 

17. American Minerals.—Strengite in crystals has been described 
by Prof. G. A. Konig, from Rockbridge Co., Virginia. It occurred 
in cavities in scorodite. An analysis gave Phosphoric acid 39°30, 
iron sesquioxide 42°3, water 19°87. The author gives a figure of 
one of the crystals in his paper in the Proc. Acad. Nat. Sci. 
Philadelphia, for 1877, p. 277. 

Niccolite has been identified by Prof. Kénig among the minerals 
of “Silver Islet,” Lake Superior, associated with galenite, sphalerite 
and native silver. 

Protovermiculite is a vermiculite-like mineral occurring in large 

ayish-green folia at Magnet Cove, Arkansas, and so named by 
Prot Konig, in the same volume of Proceedings (p. 269): the 
luster is submetallic, and G.= 2-269. Analysis afforded SiO, 
33°28, AIO, 14°88, FeO, 6°36, FeO 0°57, MnO trace, MgO 21°52, 
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TiO, trace, H,O 3°36, hygroscopic H,O 20:54 = 100'51, giving 
the quantivalent ratio for R, R, Si, 8°735 8°842 : 17-738 = 1:1: 2. 
18. Rocks of Quincy south of Boston and Rockport, near Cape 
Ann, northeast of Boston —Mr. M. E. Wapsworrs states that 
the Quincy syenyte consists chiefly of orthoclase, quartz and horn- 
blende, and that the hornblende is black to dark green in color 
and included in the quartz ; but that there is present some triclinic 
feldspar and also in some parts disseminated minute crystals of 
danalite. The stone of the Rockport quarries has been called by 
most writers syenyte; but Mr. Wadsworth states that at least 65 
per cent of it is micaceous and destitute of hornblende, and hence 
true granite. But while the quarried rock is almost wholly 
granite, there is some syenyte. The two are so associated that 
“they are geologically one and the same rock.” Besides ortho- 
clase, quartz, and black mica, the last (referred to lepidomelane 
by Cooke), there are in some parts of the Rockport granite, the 
=" eryophyllite and danalite, first announced by Professor 
ooke. 

19. On Lonite, a new Mineral ; by S. Purnett.—In the Plio- 
cene argillaceous lignite of Ione valley, Amador county, Califor- 
nia, a peculiar mineral, more or less pure, occurs in thin seams. 
The specimen examined by me was of what may be called the 
best quality. It isa firm, earthy, ochreous looking substance of 
a brownish-yellow color. As it comes from the mine, it contains 
about 50 per cent of water, but when thoroughly air-dried it 
readily floats on water, its specific gravity being about ‘90. It 
rapidly re-absorbs water and sinks. 

t bears a physical resemblance to the pyropissite of Kengott, 
found in the lignite of Weissenfels, and like it, melts to a pitch- 
like mass, which burns easily, with the emission of a dense black 
smoke having a resinous and aromatic odor, and with a yellow 
flame. But that it is not pyropissite, or indeed any mineral here- 
tofore described, will, I think, & plain from the examination. 


Ionite is not a pure hydrocarbon, as it contains 13 per cent of 
impurities—principally aluminum silicate. Streak, reddish-yel- 
low; fracture, irregular; luster, none. When pulverized, water 
dissolves or suspends a portion of the clay in the mineral. Par- 
tially soluble in cold alcohol; more so in boiling alcohol, giving a 
brown solution. Upon the addition of water no oe ge is 


deposited, but the solution becomes permanently of a milky color, 
which may be from the presence of paraffine. Very largely solu- 
ble in ether, forming a brownish-black solution. Upon adding 
water a brown, tarry substance is obtained, which is very inflam- 
mable, and which, while burning, gives off the odor of burning 
sealing wax. Completely soluble in chloroform, except the clay 
or ash, forming a brownish-black solution, Poured into water a 
brown oil falls to the bottom. Partially soluble in cold, more so 
in boiling oil of turpentine, forming a wine-red solution. Upon 
concentration of the solution, crystals of paraffine are separated. 
Almost entirely insoluble both in cold and boiling petroleum 
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naphtha; gives a pale red solution. In boiling rectified petro- 
leum, free from naphtha and paraffine, slightly more soluble than 
in naphtha; gives a pale red solution. 

Subjected to dry distillation a brown, tarry oil passes over, 
mixed with green-colored water. This water is decidedly acid to 
litmus. At first the oil has a specific gravity less than that of 
water, but after a few days sinks in the same. This oil and water 
possesses a very offensive odor, altogether indescribable. The oil 
is completely soluble in alcohol and oil of turpentine. Tested for 
paraffine, the oil was proved to contain it, though only in small 
quantity. Iam of the opinion that the amount does not exceed 
5 per cent, but this was not determined accurately. 

From the examination this mineral may be pronounced an acid 
hydrocarbon, or fossil cerite, more or less oxidized and more or 
less impregnated with clay. From its varying solubilities, it is 
probably a mixture of different hydrocarbon compounds. 

As this mineral is found in Ione valley, I would propose to 
name it from the locality, Zonite. ‘lo what industrial uses Tonite 
may be applied, has not yet been investigated, and it is foreign to 
the purpose of this paper to inquire.—Mining and Scientific Press, 
March 24, 1877. 

20. Cyrstallization of Silica ; P. HavTeFEvILLE.—If amorphous 
silica is kept in sodium tungstate at the temperature of fusion of 
silver, silica crystallizes in minute crystals of the specics tridy- 
mite. If the temperature is kept long at 1000° C., the tridymite 
is obtained in thick hexagonal scales. Sp gr. = 2°30 at 16° C. 
Tridymite is less permanent than quartz when acted upon by the 
wet or dry process. 

By means of tungstate of soda, amorphous silica or tridymite 
may be changed to quartz. At a temperature of 750° C., or that 
just sufficient to hold the tungstate in fusion, the grains of amorph- 
ous silica disappear ; and after several hundred hours of heating, 
double hexagonal pyramids of quartz are obtained. Sp. gr. = 
2°61 — 2°65. The crystals contain a trace of tungstic acid and 
0°003 per cent of soda. 

The crystallization is so slow at 750° C., that practically it is 
necessary to adopt the following method: the silica with the fused 
tungstate is made to oscillate in temperature many times between 
800° and 950°; with the increasing heat the silica combines with 
the soda, and with the decrease, the silica is precipitated by the 
tungstic acid. At the commencement of each period of cooling 
the silica takes the form of tridymite, but as the temperature falls 
below about 850° C., it takes that of quartz.— Bull. Soc. Min. de 
France, No. 1, p. 1, 1878. 

21. Zridymite.—M. ScuvsterR has examined the tridymite from 
an oligoclase-trachyte of Monte Gioino near Tiolo in the Euganean 
Hills (Northern Italy), and concludes that its crystals are twins 
under the triclinic system, its optical characters affording evi- 
dence in favor of this conclusion.—Min. u. petrogr. Mittheil. 
herausg. v. G. Tschermak, Heft 1. 


‘ 
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22. Mineralogicai Society of France.—A mineralogical society 
was instituted in Paris on the 21st of March of the present year, 
and the first number of its Bulletin appeared in April. The 
President of the Society is the eminent mineralogist, M. Des- 
Cloizeaux; the Vice President, M. Mallard; Secretary, M. 
Richard; and Treasurer, M. Delesse. 

M. Mallard describes, in the first number of the Bulletin, the 
new mineral Bravaisite, from the coal formation of Noyant. It 
has an argillaceous appearance and is thinly laminated but with a 
fibrous structure under the microscope. The color is gray, 
slightly greenish. When moistened, it is almost gum-like, rather 
than plastic, and strongly unctuous. Fuses easily to a white 
globule, and is attacked by acids. An analysis afforded SiO, 
51°40, AlO, 18°90, FeO, 4-00, CaO 2:00, MgO 3°30, K,O 6°50, 
H,O 13°30=99°40, giving the quantivalent ratio for R, R, Si, H,, 
1:3°3: 9°16:3°93; or 1:3:9:4, if the iron is excluded as due to 
the pyrites present. M. Mallard observes that it is in its composi- 
tion near pinite, glauconite and carpholite; but nearer a potash 
zeolite. 

23. Analcite—Dr. A. von Lasaulx has examined sections of 
the picranalcite of Monte Catini, and finds the radiate twinning 
structure to indicate that the crystals are of the orthorhombic sys- 
tem and analogous to those of phillipsite—W. Jahrb. f. Min., 
1878, p. 510. 


III. Botany anp Zoouoey. 


1. Zwo new Fern-books are evidences of increasing attention to 
this beautiful order of plants, both as to botanical study and 
ornamental cultivation. Perhaps we may in time come to have 
as copious and popular a fern-literature as that of Great Britain ; 
the crowning work still being the classical one of Professor Eaton, 
which will take some time to finish. The new-comers are of much 
less pretension, are handy-books in single 12mo. volumes, of very 
moderate price, and likely to have a large circulation. The one 
first published is 

Ferns of Kentucky, with sixty full-page etchings and six wood 
cuts, drawn by the Author, illustrating Structure, Fertilization, 
Classification, Genera and Species. By Joun Wii.taMson, Louis- 
ville, Ky. Morton & Co. 1878. pp. 154.—The typography is 
apparently as good as if it were printed in New England instead 
of Kentucky, where it was not only set up but electrotyped. The 
illustrations are the author’s own etchings on copper, but printed 
from lithographic transfers, “in every respect as well done as if 
they had been printed direct.” They are anyhow fairly well done, 
and etching has a certain advantage in exhibiting structure or 
texture, as the author remarks. The magnified views have prob- 
ably lost somewhat of expression and sharpness in the transfer. 
But the gain in cheapness is not to be overlooked. Still the wood- 
cut figures of the sporangia are much the best, and stand out with 
refreshing distinctness. A few pages are occupied with the sub- 
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jects of cultivation, structure and classification. The bulk of the 

vok is devoted to the ferns of Kentucky, and these are treated 
in a manner to make all plain and clear to amateurs in that State. 
It serves as well for the adjacent States, which have the same 
species. We could have helped the author to one more Asplenium, 
viz. A. parvulum, which is so abundant in East Tennessee and 
West Virginia that it cannot fail to inhabit Kentucky. Indeed 
Mr. Williamson’s words in introducing the Ebony Spleenwort 
give ground for the inference that he, like so many others, has 
taken A. parvulum for a small state of A. ebeneum. 

Ferns in their Homes and Ours, by Joun Rosrnson, is the tak- 
ing title of the second book on this subject. It is published by 
Cassino of Salem, the publisher of the Ferns of America, to which 
it becomes a desirable and useful companion. It fills 178 pages, 
and is illustrated by twenty-two plates, eight of them color-printed 
game gin of species, besides a frontispiece photograph, ex- 
hibiting the attractive “ Fern-corner ” of the author’s conservatory. 
The others represent growth, fertilization and structure of ferns, 
Fern-cases and jardinieres, out-of-door fernery, pots, pans, baskets, 
and other appliances, and lastly, a plate supplied by Professor 
Packard shows up the insects which are pests to cultivated ferns. 
This work does not describe the species of ferns, but deals with 
them in a general way, tracing their life-history, discussing their 
classification and distribution, recounting their principal literature, 
at least as to the bibliography of the popular and some of the 
more elaborate works, explains in detail the way to collect them 
for cultivation, how to establish ferneries and fern-cases, what 
ferns to grow and where and how, with lists of good species for 
cultivation, including also Selaginellas, their natural associates. 
In fact nothing of a practical nature, that we know of, is over- 
looked, not even the troubling of an out-of-doors fernery by the 
midnight revels of cats, for which evil an appropriate treatment 
is prescribed. The book—every way a most attractive one—is so 
well up to the time, and so full of information, that it even an- 
nounces, most handsomely, Mr. Williamson’s volume, which was 
published only a fortnight before it. We wish for both books the 
success they deserve. For the study of species of the middle 
United States, the Kentucky Manual supplies the want. For 
general fern-lore and fern-management the Salem work has no 
rival. The amateur may be happy with either, happier and best 
provided with both. A. G 

2. T. Macoun; Catalogue of the Phenogamous and Crypto- 
gamous Plants (including Lichens) of the Dominion of Canada, 
south of the Arctic Circle. Belleville, Ontario. pp. 52. 8vo.—The 
range takes in British Columbia; the number of species mounts 
up to 3,081; of the Phenogams to 2,271. It is a naked, num- 
bered list, with no indication of locality or range,—one useful 
for botanical exchanges, and convenient for other purposes, neatly 
printed, but not free from typographical oversights. Over 2,900 
of the species here enumerated have been collected in their native 
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wilds by the indefatigable editor. The remarkable accession to 
the North American Flora which*this Catalogue records is that 
of Littorella lacustris. A. G. 

8. The Native Flowers and Ferns of the United States, edited 
by Professor Meehan and chromo-lithographed by Prang & Co., 
evinces its life and good promise of success in the prompt appear- 
ing of Parts 3, 4, and 5. Our notice of the first parts is so recent 
and particular that we need only announce the new ones, which 
maintain the general character. Botanists may thank the editor 
for interspersing some figures of plants which the florist and com- 
mon observer would pass by unnoticed, such as Carex stricta, 
Cuphea viscosissima, and Pedicularis Canadensis. A. G. 

4. Zoological Distribution, and some of its Difficulties ; by 
P. L. Scrarer, Esq., M.A., Ph.D., F.R.S.—After pointing out 
that “locality” is quite as much a part of the proper characters 
of natural groups of animals as form and structure, the lecturer 
spoke of “specific” and “ generic” areas, and of the doctrine of 
their continuity. He then treated of “representative species,” 
and showed that, while insular representative species are usually 
distinct, continental representative species are not unfrequently 
found to be connected together by intermediate forms. The only 
hypothesis that would explain these and other phenomena of 
“distribution” was that of the derivative origin of species. But 
the question was, were there not exceptional cases of distribution 
which threw difficulties in the way of the universal adoption of 
this hypothesis? It must be admitted by all who had studied 
distribution in any group of animals that there were many such 
‘difficult cases. The lecturer then proceeded to call attention to 
six cases of abnormal distribution in the classes of mammals, 
birds and reptiles, namely :— 

(1.) The Little Blue Magpie of Spain.—The general character 
of the birds of Spain did not differ materially from that of the 
rest of Southern Europe, although a few North African species 
intruded into its limits. One little bird only seemed to have been 
introduced from afar, and disturbed the general uniformity. The 
little blue magpie of Spain (Cyanopica Cooki) had not only no 
near relatives in the rest of Europe, but we must go to the farthest 
part of Siberia and Northern China before we met with its true 
allies. Here was found the Cyunopica cyanea, so closely allied 
to the Spanish bird as to be barely distinguishable. This was, 
therefore, an undoubted instance of a discontinuous generic, if 
not specific, area, and in order to bring it within ordinary rules it 
was necessary to suppose that the parent-form had been formerly 
existent throughout Europe and Central Asia, but had for some 
reason become extinct in those countries. 

(2.) Oxyrhamphus and Neomorphus.—These two South Ameri- 
can genera of birds offered somewhat parallel cases of broken 
distribution. Of the peculiar Passerine form Oxyrhamphus, only 
two very closely allied species were known, one (0. flummiceps) 
in Southeastern Brazil, and the other (0. frater) in Central 
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America, the genus being quite unrepresented in the intermediate 
countries. In the Cuculine genus Weomorphus, the Central 
American form (JV. Salvini) was again very nearly similar to the 
Brazilian (VV. Geoffroyi), whereas in the intermediate countries 
three other quite distinct species were known to occur. 

(3.) Pitta Angolensis.—N ot less than from thirty to forty spe- 
cies of the brilliantly colored birds of the genus Pitta were 
known to science, distributed from India, on the north, through 
the great Asiatic islands into Northern Australia. But one single 
Pitta, in every way typical in structure, and closely allied to an 
Indian species, occurred in a limited district of Western Africa, 
the genus being quite unknown in intermediate localities. This 
was a clear instance of a discontinuous generic area. 

(4.) Zhe Solenodon of the Antilles—The insectivorous mam- 
mals, according to the best authorities, constituted ten different 
families, which were mostly restricted to the Palearctic, Indian 
and Ethiopian regions, and were entirely unrepresented in Aus- 
tralia and South America. Two families only extended into the 
northern portion of the New World, the moles (Zalpid«) and the 
shrews (Sorecide). But there was one very exceptional case. 
The genus Solenodon, two species of which were known from two 
isiands in the West Indies, belonged not to the shrews or moles, 
but to the family Centetide, otherwise entirely confined to Mada- 
gascar. If, therefore, the descent of Solenodon and Centetes from 
* common ancestor were assumed, the following assumptions must 
also be made. First, that the West India Islands had been united 
by land to Africa; and secondly, that the Centetide had tormerly 
extended all through Africa, where there were now no traces of. 
them. 

(5.) The Distribution of Lemurs.—Recalling Solenodon to our 
minds, we might well have expected that the Lemurs, one of the 
most prevalent and characteristic mammal groups of Madagascar, 
would have had allies in America, but such was not the case. 
The only members of this group not found in Madagascar were 
met with in Africa and parts of the Indian region. It was there- 
tore manifest that, assuming the origin of the Lemurs from a 
common source, a continent must have formerly existed in the 
Indian Ocean, and formed the ancient home of the Lemurine 
family, of which the fragments were now so widely sundered. It 
would, however, be difficult to reconcile this hypothesis with that 
of the former land-connection of Madagascar with the Antilles 
through Africa, previously adverted to. 

(6.) Zhe Giunt Land Tortoises.—The giant land tortoises, 
which had lately formed the subject of the elaborate studies ot 
Dr. Giinther, presented a still more extraordinary instance of anom- 
alous distribution. These animals now only existed in the Gala- 

agos Islands and on the coral reef of Aldabra, northwest of 
fadagascar, but a third group, which formerly inhabited the Mas- 
carene Islands, had only recently become extinct. In order to 
derive these three groups of allied species from the same stock, it 


w 
fo 
tr 
A 
A 
bi 
tc 
tl 
in 
th 
cl 
0! 
8] 
ir 
7 
al 
“ 
0 
8] 
u 
h 
h 
h 
a 
a 
q 
p 
te 
a 
fi 
t 
t 
a 


Miscellaneous Intelligence. 159 


would be necessary to assume first that giant land tortoises were 
formerly distributed all over South America and Africa, where no 
traces of them now existed; secondly, to suppose that the Gala- 
yagos were formerly united to America; and thirdly, that the 
Aldabra reef had once formed part of land that was joined to the 
African coast. But even then all the difficulties would not have 
been surmounted, for it appeared that the Mascarene form of these 
tortoises was more nearly allied to that of the Galapagos than to 
that of Aldabra. It would further have to be assumed therefore, 
in order to bring these facts into harmony with the usual theory, 
that the Mascarene Islands had remained united to the African 
coast after the Aldabra reef had been separated from it. 

These six cases were only selected instances of the many difli- 
culties met with in endeavoring to account for all the known facts 
of distribution by the hypothesis of the derivative origin of 
species. It would be easy for those who had studied distribution 
in any group of animals to add to them almost indefinitely. 
Two other more general phenomena of distribution, which it 
appeared to be difficult to reconcile with the derivative hypothe- 
sis, were also briefly adverted to, these were the existence of 
“tropicopolitan” forms, that is, of forms common to the tropics 
of both hemispheres, and the presence of several closely allied 
species in the same area. In the first case, it was difficult to 
understand where the continent could have tormerly existed 
which afforded a home to the ancestors of the similar species now 
so widely separated. In the second place, it never appeared to 
have been explained satisfactorily how more than one form could 
have succeeded to a pre-existing one in the same area, and the 
hypothesis that allied forms had always originated in separate 
areas, and had come together into the same area by immigration, 
appeared, in some cases to be almost untenable. 

These and other minor difficulties had led the author rather to 
question whether identity of structure must be taken, w/thout 
exceptivn, as an indication of immediate descent from a common 
parentage. At any rate, the subject seemed to be one still open 
for discussion, and not, as some recent writers had appeared to 
assume, a matter which must be regarded as fully and incontro- 
vertibly set at rest.— Royal Institution, Feb, 1878. 

5. Corals of the Atlantic—G, Lindstrém has described and 
figured several new corals from the Atlantic bed, in a paper in 
the Transactions of the Swedish Academy, vol. xiv, 1877. 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Zransactions of the Connecticut Academy of Arts and 
Sciences, Vol. III, Part 2.—This part closes the volume. It con- 
tains a paper by S. F. Clark, on the Hydroids of the Pacific 
Coast south of Vancouver Island; by F. M. Turnbull, on the 
anatomy and habits of Nereis virens; by J. K. Thacher, on 
Median and Paired Fins, a contribution to the history of verte- 
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brate limbs; by S. I. Smith, on the early stages of Hippa tal- 
poida ; by J. Willard Gibbs, on the equilibrium of heterogeneous 
substances, this last paper occupying 220 pages of the number. 

Mr. Thacher closes his excellent paper—the second on verte- 
brate limbs—with the following addendum. 

Since the views expressed in the foregoing pages were complete 
in my own mind six or eight months ago, I had looked for con- 
firmation of them in the brilliant investigations of Balfour on the 
development of Elasmobranchs. The preliminary account, how- 
ever, in the Journal of Microscopical Science, contained nothing 
bearing on the point, and the papers in the Journal of Anatomy 
and Physiology I have been able to obtain only irregularly. 
Immediately after the last proof of the preceding pages had been 
received, the number of that Journal for October, 1876, came into 
my hands. Here Balfour devotes three or four pages to the limbs, 
He says: “If the account just given of the development of the 
limb is an accurate record of what really takes place, it is not 
possible to deny that some light is thrown by it upon the first 
origin of the vertebrate limbs. The fact can only bear one inter- 
pretation, viz: that the limbs are the remnants of continuous lat- 
eral fins.” 

“The development of the limbs is almost identically similar to 
that of the dorsal fins.” He goes on to state that while none of 
his researches throw any light on the nature of the skeletal parts 
of the limb, they certainly lend no support to Gegenbaur’s view 
of their derivation from the branchial skeleton. Thus these 
results have not only been reached independently, but from two 
different classes of facts. To the belief in the original continuity 
of the lateral fins and the homodynamism of median and paired 
fins I was led by observations on adult forms, and particularly 
on the skeleton. Balfour comes to the same results from embryo- 
logical investigations, in that group from which on general 
grounds an answer was most to be expected; nor do these inves- 
tigations regard the skeleton. 

I have also just received the last number of the Morph. Jahrb. 
It contains a paper by Wiedersheim* confirming Gegenbaur’s 
view respecting the double nature of the centrale. This had pre- 
viously been shown only in the tarsus of Cryptobranchus Japoni- 
cus (and in the Enaliosaurs). Wiedersheim shows its double 
character in three Siberian species of Urodela, in both carpus and 
tarsus. This is a very important confirmation of the chiroptery- 
gium, and relieves us of suspicions with regard to its correctness 
when we push our inquiries into earlier history and more simple 
forms. 

In the same number of the Jahrbuch is a paper by Gegenbaurt 
on the archipterygium theory. He modifies his explanation of 
the Stapediferal limb to accord with Huxley’s view of the homol- 


* Morph. Jahrb., Bd. ii. Hft. 3. BR. Wiedersheim, Die altesten Formen des 
Carpus und Tarsus der heutigen Amphibien. 
+ C. Gegenbaur, Zur Morphologie der Gliedmaassen der Wirbelthiere. 
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ogy of edges and faces of limb and fin. He says that while he 
does not think the correctness of this view fully demonstrated, 
still he thinks there is a decided balance of probability in its 
favor. Therefore the ulnar side of the arm now appears as the 
Staummreihe. In other particulars Gegenbaur reaffirms his previ- 
ous views. He proceeds to devote considerable space to the dis- 
cussion of the origin of the archipterygium, and again proposes 
to assimilate the limb and tinb-giedics to the gill-arches with 
their rays. He supports this suggestion with considerable argu- 
mentation. To this position the archipterygium theory leads him. 

2. National Microscopical Congress.—By invitation of the 
Indianapolis Lyceum of Natural History and the codperation of 
other societies a call has been sent out for the meeting of Micros- 
copists at Indianapolis in August, to be continued for not more 
than a week, and to commence on the 14th of that month. The 
Governor and other State officers, and the Mayor and citizens of 
the place, have united in offers of hospitality to the convention ; 
and fare at reduced rates can be obtained by members at the best 
hotels ($2.00 at the Bates House, Grand Hotel and Occidental 
Hotel, $1.75 at the Remy Hotel). Those wko may attend the 
convention are desired to bring scientific communications, instru- 
ments, objects for the microscope, and whatever pertains thereto 
that “will instruct their fellow-workers with the microscope.” 
Letters should be addressed to W. WessterR ButrerFi£.p, M.D., 
Secretary of the Committee of Arrangements. The daily sessions 
will be held in Hall Nos. 52, 54, 56 and 58 of the Court House. 
The time for the Congress is one week before the meeting of the 
American Association at St. Louis. 

8. Geographical Surveys west of the 100th Meridian, in charge 
of First Lieut. G. M. WuHeEe.er, under the direction of Brig. Gen. 
A. A. Humphreys, Chief of Engineers, U.S. A. Vol. II. Astron- 
omy and Barometric Hypsometry. 572 pp. 4to. Washington, 
1877.—This volume from the Wheeler Expedition under the War 
Department, consists in Part I of special Astronomical Reports, 
nn in Part II of a Report on Barometric Ilypsometry. The first 
comprises numerous tables of observations made for the purpose 
of time, latitude and longitude determinations, at various places 
in Utah, Wyoming, Montana, Colorado, New Mexico, Nevada 
and Nebraska, together with the geographical positions arrived 
at and other particulars connected therewith, ng illustrated by 
map sketches of the principal places and stations, and a plan of 
the Observatory at Ogden, Utah. The authors connected with 
these reports are Dr. F. Kampff, J. H. Clark, W. W. Maryatt, 
Professor T. H. Safford, W. A. Rogers. 

The results of barometric hypsometry are from observations made 
in the years 1871 to 1875 included, and reported by First Lieut, 
W. L. Marshall, Corps of Engineers, U.S. A. The instruments 
are described, the methods of observing, and tables of altitudes 
are given. The report also contains tables of hourly observations 
of barometric, thermometri and hygrometric and other phenomena 
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at different places where the parties were encamped, and diagrams 
ou sixteen plates giving the horary and diurnal barometric curves, 
temperature, mean differences of wet and dry thermometers, diur- 
nal force of vapor, and relative humidity. 

4. Die Vereinigten Staaten von Nord Amerika, von Dr. 
Friepr. Ratze.. Erster Band. Physikalische Geographie und 
Naturcharakter, mit 12 Holzschn. u. 5 Kart. in Farbendruck. 
668 pp. large 8vo. Munich, 1878.—This very large and bean- 
tifully printed work is the first of two volumes on the United 
States, and treats of the physical geography and natural features 
of the country. The work has been prepared by one who has 
well mastered his subject, through the writings of the various 
American contributions to it—those of the earlier and later 
exploring expeditions, the principal State Geological Reports, the 
works of Lyell, Fremont, J. D. Whitney, Guyot, Humphreys and 


Abbott, Walker’s Statistical Atlas, Schott’s table and results of 


Precipitation, and others; and he has presented the facts in a 
judicious and systematic manner. The maps are handsomely col- 
ored and illustrate the geology (from Blake and Hitchcock’s 
map), surface relief, forest-distribution, and other characteristics. 

The volume opens with a general sketch of the Continent, and 
of the outlines ot the country. Then follow—a brief review of the 
geology cf the United States; an account of the surface reliefs, 
occupying 115 pages; of the rivers, lakes, hot springs, etc. ; the 
climate; and the distribution of plants and animals. The second 
part of the volume occupying the following 200 pages, contains 
special descriptions of different natural sections of the country— 
for example, forest regions, prairies, New England, the Atlantic 
coast, the Florida Keys, Cypress swamps, the Western plains, the 
Bad Lands, “ Calitornia natur;” the Sierra Nevada, the Great 
Lakes, and other topics. ‘The second volume will be occupied 
with the “ culturgeographie” of the United States; and will give 
the facts with fulness like the first, and with reference to the prac- 
tival rather than the theoretical. 

5. Report upon Fvurestry ; by B. Hoven. 650 pp. 
8vo. Washington, 1878.—This report by Mr. Hough was pre- 
pared under the direction of the Commissioner of Agriculture, in 
pursuance of an act of Congress, of August, 1876. It is a prac- 
tical, comprehensive work, embracing a wide range of topics 
bearing on forest waste; forest growth; forest lands and reserva- 
tions; forest distribution ; forest culture as affected by legislation, 
climate, treatment; methods of tree planting and effects of the 
various kinds of soils and exposures; the cultivation of special 
kinds of trees; uses of woods, charcoal, the resins and other 
products of trees; insect ravages and the consequences of other 
enemies, with the modes of prevention; a general detailed discus- 
sion of climate in this and other countries, in its bearing on the 
subject, with the experiences and experiments of the nations of 
Europe and elsewhere; effects of forests on climate; forest legis- 
lation over the world; forest resources and culture in different 
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United States; lumber statistics; and various other topics, on all 
of which the author has brought forward a great amount of valu- 
able facts, and in a manner to enlighten and benefit every part of 
the country. 

6. Bulletin of the Bussey Institution, vol. ii, Part iii, 1878.— 
This number of the Bussey bulletin contains the following papers: 
on the hybridization of Lilies by F. Parkman; on the composi- 
tion of Lyuisetum arvense by F. H. Srorer; composition of 
shells of crabs and lobsters, and those of oysters, clams, mussels, 
ete., id.; prominence of carbonate of lime as a constituent of 
solutions obtained by percolating dry cultivable soils with water, 
id. ; Supplementary note to an article on the composition of pump- 
kins, id.; a list of Fungi found in the vicinity of Boston, with 
remarks, by W. G. Farrow. 

7. The Speaking Telephone, Tulking Phonograph, and other 
Novelties; by GrorcE B. Presvorr. 432 pp. 8vo, with numer- 
ous illustrations. New York. 1878. (D. — & Co.).—This 
volume contains a complete account of the Telephone and Phono- 
graph, in their various forms, with a large number of excellent 
figures illustrating their construction and mode of use, and also 
diagrams of the vibrations or “logographic records” of the 
It also treats of Quadruplex at much 
ength, giving many detailed figures in the course of the chapter. 

& The Naturalist’s Directory for 1878. Edited by S. E. 

Jassino. 184 pp. 12mo. Salem, Mass., 1878.—This well arranged 
catalogue of the names and addresses of all “waturalists of 
America north of Mexico,” and of all Scientific Societies, is a very 
useful and convenient work to those who are interested in any 
way in science, even if not doing more than collecting a cabinet. 
The new edition, just published, appears to be very complete. 
The editor states in his preface that he will be thankful for correc- 
tions and additions. 

9. Fownes’s Elementary Chemistry, revised and corrected by 
Henry Watts, B.A., F.R.S., a new American from the 12th Eng- 
lish edition, edited by Roserr Brings, M.D., Professor of 
Chemistry, Philadelphia College of Pharmacy. 1026 pp. 8vo. 
Philadelphia, 1878. (Henry C. Lea).—A new and improved edition 
of this very convenient manual. 

10. Journal of the Cineinnati Society of Natural History. 
Vol. I, No. i, April, 1878. 52 pp. 8vo, with two plates.—Contains 
contributions to paleontology by 8. A. Miller and C, B. Dyer, 
describing various Silurian fossils, figures of which are given 
on the plates; also a paper on a new species of Pupa by C. R. 
Judge; and another on the tongue of some Hymenoptera by 
V. ‘I’. Chambers. 

11. Glaciers of the Western Himalayas.—The glaciers of the 
Western Himalayas, according to measurements recently given in 
the Zour de Monde, far surpass in extent any hitherto examined 
outside of the polar regions. In the Mustagh range, two glaciers 
immediately sibalalings one another possess a united length of 
sixty-five miles. Another glacier in the neighborhood is twenty- 
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one miles in length, and from one to two miles in width. Its 
upper portion is at a height of 24,000 feet above the level of the 
sea, and its lower portion terminating in masses of ice 250 feet in 
height, and three miles in breadth, is 16,000 feet above the sea.— 
Nature, July 4. 

12. Instructions for observing the Total Solar Eclipse of July 
29, 1878. Prepared by Professor Wm. Harxnzss and issued by 
the United States Naval Observatory. 30 pp. 4to. Washing- 
ton, 1878. 

Elements of Dynamic: an Introduction to the study of motion and rest in solid 
and fluid Bodies; by W. K. Ciirrorp, F.R.S.—Part I, Kinematic. 222 pp. 12mo. 
London. 1878. (Macmillan & Co.). 


OBITUARY. 


Witiiam M. Gass died, of consumption, on the 30th of May 
last, at Philadelphia, where he was born on the 20th of January, 
1839. In 1862, Mr, Gabb entered upon the duties of paleontolo- 

ist of the Geological Survey of California, under Professor J. D. 
hitney. The larger part of the first volume on the paleontology 
and the whole of the second, are occupied with his reports on the 
Cretaceous and Tertiary fossils of the State; the two illustrated 
by sixty plates of fossils. In 1868 he undertook a survey in Santo 
Domingo for the Santo Domingo Land and Mining Company; and 
in 1873 published an extended memoir on the Topography and 
Geology of that island in the Transactions of the American Philo- 
sophical Society (vol. xv). In 1873 Mr. Gabb went to Costa 
Rica, under an appointment from the government of the State, and 
engaged in a topographical and geological survey of the territory, 
in which he made also extensive ethnological and natural history 
collections for the Smithsonian Institution. A memoir on the 
topography of the country, with a map, was published in Peter- 
mann’s Mittheilungen ; and another, on ethnology, in the Trans- 
actions of the American Philosophical Society. But an extensive 
report on Costa Rica geology and paleontology remains to be 
published. Various papers of his have appeared also in the Pro- 
ceedings of the Philadelphia and Philosophical Society; and 
several in this Journal, the last in the number for March of the 
current year. Mr. Gabb was a man of vast energy, and an earnest 
and careful investigator. His various contributions to science are 
a great honor to the country—and eminently so to the State of 
California, ior which a large share of his work was done. 

Baron von Brsra died on June 5th at Nuremberg, in his 
seventy-second year. He was the author of various chemical, 
zoological, physiological, archeological and literary works and 
memoirs. fe explored Brazil, Chili and some other parts of 
South America, and published accounts of his observations and 
his discoveries in natural history. He is the author also of many 
popular works of fiction, the scenes of several of which were laid 
in South America. 

ANDREAS VON ErrinGsHAUsEN, Professor of Physics at Vienna, 
died on the 25th of May, having been born in Heidelberg, Nov. 
25, 1796. 
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